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ABSTRACT 
Purpose  
     As a contribution to the global dialogue on sustainable living practices, this project focuses 
on developing local sustainable design strategies.  The non-profit, Ka‘ala Farm, Inc. in Wai‘anae 
Valley, serves as the project site as well as the entity for educating the larger surrounding 
community through their established Cultural Learning Center facility and programs. The 
sustainable design concepts of the project are developed with the collaborative participation of 
the Ka‘ala Farm, Inc. staff and community – a community and agency currently under-served by 
the design profession.  The product of this project is development of local design strategies and 
creation of a conceptual master plan design for Ka‘ala Farm, Inc. Cultural Learning Center.  The 
process of this project requires re-thinking the way we live to cooperatively re-think the way we 
design our built environment in order to thrive in a more sustainable local and global 
community.  
Goals 
     The DArch project goal is to program and design an area development plan for the Ka‘ala 
Farms property supporting their cultural, environmental, and community outreach educational 
mission.  This design work includes engaging in a community participatory process.  
Specifically, the overall goal is to develop a sustainable mid-range concept area development 
plan for the Ka‘ala Farm, Inc. Wai‘anae mauka, mountain, site including both the 97.5-acre 
Department of Hawaiian Homelands (DHHL) and the Ka‘ala Farm, Inc. owned 7.5 acre 
property.  This plan can be used to guide the future development of the organization as well as 
to serve as an educational tool for both the local and global community.  
 In order to achieve this goal:  
- A program for the concept development plan will be created through a participatory 
process with the Ka‘ala Farm, Inc. staff and the related community network, such as 
local case study sites.   
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- The facility program will require determining the development program for the Ka‘ala 
Farm, Inc. site based on cultural, educational, organizational, and living goals.    
- Planning and design will require researching the origins and intentions of the 
organization and their partnerships as well as continued consultation in the design 
process.   
- The plan will require research and mapping in order to understand the physical 
resources and capacity of the site.   
- The plan will include new/renovated facilities, off-grid utility infrastructure strategies 
and include land for agricultural crops according to the Ka‘ala Farm, Inc. food 
sustainment/independence goals.   
- The site will be designed with a minimal footprint to include off-grid utilities, 
construction with available economically feasible regional materials, and designed 
appropriately within the context of local culture.   
- The overall DHHL and Ka‘ala Farm, Inc. site will be analyzed to determine the most 
appropriate area(s) for development from resource, program, and design aspects.  
- Design strategies and the planning process will be articulated in order to serve as a 
transferable prototype generalized for application in other communities.   
- Articulation of the site evaluation process and design criteria will assist in evaluation of 
other sites for sustainable community use potential.  
Methodology  
     Research of the Ka‘ala Farm, Inc. site begins from a historical, organizational, cultural and 
physical perspective.  Working with Ka‘ala Farm, Inc. in a participatory process generated the 
building program for the Ka‘ala Farm, Inc. Cultural Learning Center property and Visitor 
Center.  Questions drafted at the onset of this process included: 
- What is the historical, archaeological, and cultural background of the site? 
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- What is the organizational history of Ka‘ala Farm, Inc. and what is their future vision? 
- What are the area development plan program and facility requirements?   
- What are the resources of the property? 
- What is the carrying capacity of the property? 
- What are the current legal land uses of the property? 
- What indicators can be used to measure the “sustainability” of development? 
These questions were approached by using the following strategies and by conducting research 
of the following topics: 
- Mapping of the site within context of the ahupua‘a, the land division from uplands to the 
ocean, and TMK property boundaries to include understanding available natural 
resources such as wind, solar, water, structures, utilities, and vegetation  
- Conducting interviews with Ka‘ala Farm, Inc. and partner community organizations   
- Recording meetings, site visits etc in order to inform articulation of the design process 
- Researching local and global case studies of similar scale or climate 
- Researching and determining appropriate building materials and passive energy 
strategies  
- Identifying sustainability indicators  
     It is critical to maintain the dichotomy and balance of both structure and flexibility in this 
design process in order to respond to the dynamic nature of working with the needs of a 
community organization.  The approach for the concept development is one of analyzing the 
physical aspects of the design site ecology while allowing the more flexible aspects of the 
concept such as programming and facility siting to reflect the developing needs of the 
organization.  This requires continual involvement with Ka‘ala Farm, Inc. staff throughout 
benchmark design stages during the process.  These benchmarks are:  
- Determining the overall site and facility programs 
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- Initial facility sizing and overall site development concepts 
- Reviewing revised siting and facility development concepts 
- Presenting the concept to the Ka‘ala Farm, Inc. Board of Directors 
- Agreeing on concept site and facility concept 
- Reviewing revised siting and development concepts from community input 
These are benchmarks rather than predetermined steps, meaning progression can be iterative or 
circular rather than linear.  Each edited version of the design work, even if revisiting changes in 
program or project goals, is a progression in creating amore applicable and appropriate design 
solution.  
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INTRODUCTION 
 
Background/Field of Study  
Sustainability 
 
     Accepting the premise that our current way of living is unsustainable means that the 
pathway to sustainability is nothing less than re-thinking the way we live.  Globally, the 
dominant economic forces and most pervasive cultural values consist of consumption and 
exploitation of natural resources.  This model functions to the detriment of those without equal 
access to clean abundant resources or to those with alternative values.  In particular, the 
building industry is a significant user of raw materials, land, and natural resources.  The United 
States Green Building Council (USGBC) reports that the construction industry accounts for 
40% of worldwide energy and material resource consumption.1  These resources which are used 
for construction are more than raw materials, they are the components of living habitats.  It is 
these habitats that foster biodiversity and serve as the foundations of a greater ecological 
system.   
     Sustainable design can be considered a tenant within the context of the overarching concept 
of sustainable development.  Sustainable design is just one tool which can be applied toward 
achieving sustainable development.  Understandably, these broad, and therefore vague terms of 
“sustainable design” and “sustainable development,” are often skewed by the perspective of a 
community or individual’s culture, values, social class, education, profession, and multitude of 
other social factors.  Establishing definitions for these terms, begins with using a universally 
accepted, referenced, and published source.  Recognition of “sustainability” as a global term in 
reference to design and development, stems from the World Commission on Environment and 
Development proceedings report entitled Our Common Future, published in 1987 and initiated by 
                                                 
1.  United States Green Building Council, “Building Impacts,” power point presentation, 
http://www.usgbc.org/DisplayPage.aspx?CMSPageID=1720 (accessed July 2008). 
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the United Nations.2  This report became known as the Bruntland Report, named after the 
Prime Minister of Norway, Gro Harlem Brundtland, president of the panel.3  Our Common 
Future describes sustainable development with four paragraphs.  The first paragraph reads as: 
Humanity has the ability to make development sustainable to ensure that it meets the 
needs of the present without compromising the ability of future generations to meet 
their own needs.  The concept of sustainable development does imply limits – not 
absolute limits but limitations imposed by the present state of technology and social 
organization on environmental resources and the ability of the biosphere to absorb the 
effects of human activities.  But technology and social organization can both be 
managed and improved to make way for a new era of economic growth.  The 
Commission believes that widespread poverty is no longer inevitable.  Poverty is not 
only an evil itself, but sustainable development requires meeting the basic needs of all 
and extending to all the opportunity to fulfill their aspirations for a better life.  A world 
in which poverty is endemic will always be prone to ecological and other catastrophes.4   
 
Social equity is determined to be of utmost importance and is linked to economic means in this 
definition.  Rather than emphasizing methods such as education or resource sharing, technology 
is cited as the propelling force toward “a new era of economic growth.” 5  The term ‘economic 
growth’ infers increase in quantity rather than a redistribution of current resources or a 
maturation or evolution into a better, more equitable, system.  A range of political, cultural, 
social and economic systems exist. Systems which are not the globally dominant systems do not 
necessarily equate to an inferior quality of life.  For example, subsistence living does not 
necessarily mean “poverty” – depending on the context and whether or not a community’s needs 
are met.  Poverty often infers a related level of suffering, but having simple monetary means, or 
subscribing to a system other than the dominant economic system, does not always equate to 
distress, depending on the community.  These nuances of definition are important in 
understanding the goals of sustainable development across the subtleties of various cultures and 
languages.  “The world’s ability to combine long-term economic growth with environmental 
                                                 
2.  James Steele, Sustainable Architecture: Principles, Paradigms, and Case Studies (New York: McGraw,  
1997), 4. 
3.  Steele, 4. 
4. United Nations General Assembly, Forty-Second Session Development and International Economic Co-operation: 
Environment Report of the World Commission on Environment and Development; Our Common Future, United 
Nations, http://www.worldinbalance.net/pdf/1987-brundtland.pdf (accessed March 2008). 
5. United Nations General Assembly, Our Common Future. 
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health is heavily debated.  Yet one thing is certain: The current trajectory of human activity is 
not sustainable.”6  Considering alternative pathways to similar end goals are worth examining.   
     The second paragraph describing Sustainable Development in Our Common Future reads: 
Meeting the essential needs requires not only a new era of economic growth for nations 
in which the majority are poor, but an assurance that those poor get their fair share of 
the resources required to sustain that growth.  Such equity would be aided by political 
systems that secure effective citizen participation in decision making and by greater 
democracy in international decision making.7 
 
This statement acknowledges the importance of community participatory action on a local and 
global scale required for truly sustainable development.  This statement refers to the need for 
political equity in addition to economic equity.  Rather than solely monetary means, economic 
growth could refer to access, protection, and conservation of resources directly used or valued 
by a community.    
     Carrying capacity of global ecosystems is weighed within the context of human values and 
defines the limits of sustainable development.  As stated by Bill Mollison in Permaculture, a 
Designers’ Manual, “Should we lose the wilderness, or suffer it to be destroyed, we will be 
recycled for more appropriate life in any number of ways, some very painful and protracted.”8 It 
is argued that universal laws of science and ecology will dictate course correction for the global 
environment regardless of human suffering or protest.  “In the twenty-first century, our global 
society will flourish or perish according to our ability to find common ground across the world 
on a set of shared objectives and on the practical means to achieve them.”9  Therefore, carrying 
capacity refers to both quantity and quality – the quantity of people sustainable by the earth’s 
ecosystem at a certain quality of living standard.  Some argue that the current carrying capacity 
has already been breeched, perpetuated by inequalities in standards of living and resource 
consumption. 
                                                 
6. Jeffrey Sachs, Common Wealth Economics for a Crowded Planet, (New York: Penguin Group, 2008), 57.  
7. United Nations General Assembly, Our Common Future. 
8.  Bill Mollison, Permaculture: A Designer’s Manual,  (Tyalgum Australia: Tagari Publications, 1988) 58.   
9. Sachs, 4. 
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Sustainable global development requires that those who are more affluent adopt life-
styles within the planet’s ecological means – in their use of energy, for example.  
Further, rapidly growing populations can increase the pressure on resources and slow 
any rise in living standards; thus sustainable development can only be pursued if 
population size and growth are in harmony with the changing productive potential of 
the ecosystem.10 
 
     The complexity of sustainable development is recognized by the United Nations General 
Assembly: 
Yet in the end, sustainable development is not a fixed state of harmony, but rather a 
process of change in which the exploitation of resources, the direction of investments, 
the orientation of technological development, and institutional change are made 
consistent with future as well as present needs.  We do not pretend that the process is 
easy or straightforward.  Painful choices have to be made.  Thus, in the final analysis, 
sustainable development must rest on political will.11  
 
Sustainable design and development are systemic and cannot be assessed or addressed in 
isolation.    The notions of sustainability are introduced in Our Common Future as global 
concepts, but there are definitive local applications, especially in an island environment with 
geographic limitations.  Addressing sustainability on a local scale in an island environment can 
significantly reduce the impacts of importing material, food, and energy.  Immediate reduction 
of the high embodied energy, large carbon footprint and economic cost can be achieved by 
reducing transportation alone.  While island geographies demonstrate resource use on a 
comprehensible, sometimes visceral scale, the concept of living locally can be applied to 
communities with land locked boundaries.   
     The Bruntland Commission served as the groundwork for the Serrado Mar, Brazil 1992 
Earth Summit again lead by the United Nations Commission on Environment and 
Development.  The Earth Summit specifically addressed factors of sustainable design affecting 
sustainable development.  The proceedings of the gathering were published under the title 
Agenda 21.12  The report specifically addressed concerns and strategies for development of 
                                                 
10. United Nations General Assembly, Our Common Future. 
11. United Nations General Assembly, Our Common Future. 
12.  Steele, 8.   
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human settlements, having identified the building industry as a major global impact on 
resources.  Agenda 21 recommends: 
1.  The use of local materials and indigenous building sources 
2.  Incentives to promote the continuation of traditional techniques, with regional 
resources and self-help strategies 
3.  Recognition of the toll that natural disasters take on developing countries, due to 
unregulated construction and use of inadequate materials and the need for 
improvements both in use and manufacture of materials and in construction techniques, 
as well as training programs 
4.  Regulation of energy-efficient design principles 
5.  Standards that would discourage construction in ecologically inappropriate areas 
6.  The use of labor-intensive rather than energy-intensive construction techniques 
7.  The restructuring of credit institutions to allow the poor to buy building materials 
and services 
8. International information exchange on all aspects of construction related to the 
environment, among architects and contractors, particularly about nonrenewable 
resources 
9.  Exploration of methods to encourage and facilitate the recycling and reuse of 
building materials, especially those requiring intensive energy consumption in their 
manufacture 
10.  Financial penalties to discourage the use of materials that damage the environment 
11.  Decentralization of the construction industry, through the encouragement of 
smaller firms 
12.  The use of ‘clean technologies’ 13 
 
This listing was later supplemented with additional strategies in an addendum comprised by the 
International Union of Architects and published in the AIA Environmental Resources Guide.14  
The United Nations Division for Sustainable Development was created to continue the work of 
implementing the tenants of sustainable development.  The institution began with 
implementation strategies according to the recommendations of ‘Agenda 21, the Johannesburg 
Plan of Implementation and the Barbados Programme of Action for Sustainable Development of 
Small Island Developing States.’ 15     
                                                 
13.  Steele, 13. 
14.  Steele, 16.      
15. UN Department of Economic and Social Affairs, Division for Sustainable Development, About the United Nations 
Division for Sustaianble Development, http://www.un.org/esa/sustdev/about_us/ aboutus.htm (accessed March 2008). 
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     Creating sustainable development and 
design strategies begins with 
understanding the fundamental 
relationship between the human 
community and the ecosystem, while 
remembering that the human community 
is embedded within the ecosystem, 
intrinsically part of the natural world and 
subject to its laws and limitations.  Two 
dimensional diagramming of these 
relationships has limitations, but allows 
construction of a basic logical framework 
and starting point.  Figure i.i 
demonstrates the flow of energy for food 
consumption in a natural community and 
a human community.  While the human 
community is part of the natural 
community, it is useful to separate the 
energy process pathways in order to 
better understand the differences in 
resource relationships.  The natural 
community system shows a streamlined 
efficiency of energy. All food ultimately 
relies on the sustainable renewable 
resource of solar energy, which is 
Figure i.i 
Comparison of the distribution of energy and food in a natural 
community verses a human community (which is part of the 
natural community).  The natural community process is more 
efficient. 
 
Image Source: Selman, 54. 
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converted into food through the cellular processes of photosynthesis.  The growth and 
decomposition system shows a cradle-to-cradle cyclical relationship.16  In contrast, the human 
community uses an inordinate amount of energy and resources to process a relatively small 
amount of food with expended emissions from processing released along the way and solid 
waste ultimately stored in dumps and septic systems, to be decomposed on a timeline beyond 
human usefulness or benefit.   
     The diagram shown in Figure i.ii identifies the key components of sustainable living, 
determines the major relationships between these components, and identifies existing systemic 
                                                 
16. Michael Braungart, and William McDonough, Cradle to Cradle: Remaking the Way We Make Things, (New York: 
North Point Press, 2002).  
 
 
Figure i.ii  
Relationship diagram of the human community within ecosystem 
Image Source: author 
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patterns.  One-way verses two-way production and use relationships are identified.  These 
patterns are generalized according to primary or most common relationships in general terms.       
Figure i.ii diagrams the general concept of living systems in relation to each other and 
specifically within the human community.  The sources of living in regard to the earth’s 
ecosystem depend on the energy sources provided by the solar system, whether directly or 
indirectly.  Within the earth’s ecosystem, solar energy and gravity fuel various means of power 
driving life functions such as solar power (photosynthesis, evaporation), wind power (created by 
heat from the sun), gravity, tidal, hydro power (water and gravity have carved fantastic earth 
work projects), wave power (in water as well as land such as earthquakes), geothermal, electric, 
magnetic, chemical and bioenergy.  While this list is by no means comprehensive, it 
demonstrates some of the major forces functioning in the ecosystem that provide power for life 
processes.  The human community functions with these resources at hand and chooses which 
means and materials to use.  Resources are further manipulated to be compatible with limited 
technologies, such as the refinement of oil, or forcing of nuclear reactions.  The selection and 
use of resources happens within the context of the human community which is comprised of 
social constructs such as religion, cultural values, politics, economics, communication, 
government, industry, and education.  There are varying theories regarding identification of 
human-made institutions, but this list covers some of the basic concepts exemplifying the 
complicated layer of the human social network. 
     In developing this diagram, initially categories of sustainable design were determined (such 
as materials, local sourcing, energy, and water) and design functions were fit into these 
inadequate categories.  The strategy was revised, using basic fundamental life functions as the 
key requirements of sustainable human living to include: energy, water, food, waste, and shelter.  
All of these components can be viewed in terms of input and output, and often serve both 
functions where output from one system is input into another.  Terms such as “waste” carry a 
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negative connotation even though waste in the ecosystem cycle is typically food, fuel, or shelter.  
“Outputs, yields or products are resources if they are used productively, or can become 
pollutants if not used in a constructive way by some other part of the system.”17  For the sake of 
convention, “waste” will be discussed, but in terms of use and re-use rather than disposal 
because “decomposers have been described as the return stroke of matter in the cycles of 
life…”18  The essential human life requirements are used as categories in this document for 
discussing sustainable design strategies.  Many design strategies serve multiple roles through 
life processes.  Sustainable design strategies inherently rely on connections critical to a 
comprehensive design strategy, which refers to an entire system rather than isolated nodes.  
Therefore, organizing design strategies into these categories is unfortunately reductive of 
intricately connected processes, but the intent is to facilitate referencing design strategies.   
In addition to identification of these essential resources and functions, is evaluation of four key 
factors which determine viability for a process or design method to be considered in sustainable 
design.   
 
 
                                                 
17.  Mollison, 38. 
18.  Ian L.McHarg, Design with Nature, (New York: John Wiley & Sons, 1992), 52. 
 
 
     
              energy               water                 food                waste                shelter 
 
Figure i.iii 
The fundamental requirements for sustaining human life functions serve as the focus for sustainable design 
strategies.  These human requirements serve as categories for organizing design information in this document. 
 
Source: author 
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The factors are:  
• quality 
• quantity 
• attainability  
• re-usability   
For example, in the case of water, a site would need to have a clean water source (quality) with 
enough water to support the activities required (quantity).  The water source would need to be 
available within the energy capacity of the community (attainability).  Attainability refers to 
required energy, availability, and economy.  Finally, the system would need means to return the 
used water to the local ecological system with a level of cleanliness and quantity to sustain the 
natural balance required for the life functions in the region (re-usability).   
     Attainability refers to resource availability and accessibility both physically as well as within 
the human community constructs such as economic viability.  Acceptance of a design strategy 
within social and cultural values can be equally as important to attainability.  Cultural symbols 
and intangible values have powerful implications.  “Once commodities become cultural symbols, 
whether it’s a cell phone in rural China or a Lamborghini in Malibu, there’s no stopping that.  
You have to change the object of desire in order to get to the root of the problem.”19  An energy 
efficient residential model was presented by students from the University of Texas School of 
Architecture to members of the Guadalupe Neighborhood Development Corporation in Austin.  
Initially, the model was rejected by residents because the design aesthetic deviated from the 
familiarity of the local vernacular.  The building form was perceived as having unfavorable 
socioeconomic connotations and challenged the accepted notions of community identity.  Use of 
a butterfly roof for rain water catchment and options with the low pitched green roof evoked 
ideas of “trailers” or “sheds” rather than “homes”, which more commonly had a gable roof form.  
Only through dialogue and continued engagement in a cooperative relationship, did the 
                                                 
19.  Nathan, Gardels, The 11th Hour: Turn Mankind’s Darkest Hour into its Finest, DVD, produced by Leonardo 
DiCaprio (Warner Independent Pictures: Appian Way/ Green Hour/Tree Media Group, 2008). 
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community begin to change their perspective, understanding that the atypical design forms had 
greater passive energy, economic, and environmental benefits.  Acceptance of these new ideas as 
well as the ability of the designers to communicate the purpose of the design intent was crucial 
to being able to have a continued dialogue about the future of the community and related 
sustainable design strategies.       
     Resource components are “connected” in the earth ecosystem and “used” in the human 
system.  The earth ecosystem expertly and efficiently employs resources in cyclical processes.  
Materials serve efficient multiple functions whether it be the beehive that serves as both 
structure and food pantry or the very exoskeleton of an invertebrate serving as body and 
shelter.  Observation of non-human systems, processes, and materials is championed by the 
practice of biomimicry, using nature as teacher.  “The ecological view requires that we look 
upon the world, listen and learn.  The place, creatures and men were, have been are now and are 
in the process of becoming.  We and they are here now, co-tenants of the phenomenal world, 
united in its origins and destiny.”20  Resource use within the human community tends to be one-
directional, even though the technology exists to implement more efficient practices and 
processes.  Human communities allow the production and accumulation of non-biodegradable 
materials, excessive use of finite resources such as reliance on toxic fossil fuels for energy and 
unnecessary defiling of resources such as potable water for toilet flushing.  Potential re-use of 
waste products, such as composting food waste, is carried out on a limited scale in comparison 
to the amount of material deposited in landfills.  The technology and knowledge exists in order 
to better co-exist in a sustainable way, but the human-made constructs such as economy and 
politics, as well as varying social and cultural values create obstacles to implementing 
alternative ways of living.  “The problem is not a problem of technology, the problem is not a 
problem of too much carbon dioxide, the problem is not a problem of global warming, the 
                                                 
20.  McHarg, 29. 
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problem is not a problem of waste.  All of these things are symptoms of the problem.  The 
problem is the way that we are thinking.  The problem is fundamentally a cultural problem.”21  
It is this cultural component which comes to the foreground in reviewing the cultural collision 
which has occurred in Hawai‘i relatively recently and offers an alternative perspective on 
concepts of land stewardship and sustainability for the way forward.    
                                                 
21.  Hartman, Thomas. The 11th Hour: Turn Mankind’s Darkest Hour into its Finest, DVD, produced by Leonardo  
DiCaprio (Warner Independent Pictures: Appian Way/ Green Hour/Tree Media Group, 2008). 
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D Arch Project Statement 
Proposal 
 
     As finite resources and materials are consumed and global populations continue to burgeon, 
the need to build sustainable communities increases.  Contemporary building practices and land 
management concepts in Hawai‘i are within the context of a dominant global economy and 
culture that is dependent on monoculture farming, reliant upon non-regional building materials, 
bound to global transportation networks, and dependent on non-renewable energy sources and 
accompanying infrastructure.  Current city and neighborhood plans on O‘ahu follow 
development patterns foreign to the historic indigenous community design approach both 
culturally and ecologically.   
     The island environment is a microcosm while simultaneously connected to the greater global 
system.  Both ecologies, though differing in scale, have limited boundaries with finite resources.  
In a sense, these Pacific islands serve as the “canary in the coal mine” as to the fate of the larger 
global community.  With the manifestation of global climate change, increasing human 
populations, and diminishing resources, living models must be altered to those that enable not 
just sustainment and conservation, but also facilitate healing restoration of the environment.  
This requires a shift in current thinking from land management practices of “resource use” and 
extraction to concepts of benevolent “stewardship.” 
      The Kanaka Maoli, full-blooded Hawaiian, past traditional models of mālama ‘āina, care of 
the land, and land management approaches (such as ahupua‘a and moku-o-loko, land districts 
divisions according to resource availability) serve as successful precedents for contemporary 
land stewardship as well as community and facility design.  The indigenous people of Hawai‘i 
valued a healthy community and demonstrated deliberate land management practices to ensure 
the balance required to maintain a harmonious state of being between the land and people.  
Indigenous architecture in Hawai‘i is a product of this larger cultural concept and practice as 
   
xxxiii 
well as a factor of available technologies and resources.  Past Native Hawaiian design strategies, 
building typologies, material selection, and community configurations can all serve as 
precedents to inform contemporary design.   
     The intent of this project is to translate the concept of sustainability into a physical 
manifestation through design.  Concept design for the Ka‘ala Farm, Inc. Cultural Learning 
Center site and a Visitor’s Welcome Center provides a palette of design strategies, available 
materials, and construction and infrastructure systems applicable in Hawai‘i.  
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CHAPTER 1 
 
WAI‘ANAE HISTORICAL, CULTURAL, COMMUNITY BACKGROUND 
 
Overview 
     In order to appropriately derive a building program and to design facilities with Ka‘ala Farm, 
Inc., it is necessary to understand the community the organization serves. This includes 
investigating the transformation of the local ecology and how the land relates to the cultural  
identity of the community.  Inextricably linked to these cultural and ecological topics are the 
issues of economy, social equity, and resource distribution and access.   
     The Ka‘ala Farm, Inc. non-profit is based out of the Wai‘anae Valley area and serves the 
Wai‘anae moku.  Understanding the historical uses and transformations of the land as well as the 
related social changes of the community give a context for the purpose and presence of Ka‘ala 
Farm, Inc.  For the purposes of this study, historical context will be considered according to the 
convention of pre-contact Wai‘anae, post-contact Wai‘anae, and Contemporary Wai‘anae.  
Figure 1.1 offers a general timeline, broken into approximate 50 year divisions, indicating the 
period and major events addressed in this chapter.  Choosing the key events to include provides 
an incomplete and selective view of history.  The intent is to identify and define the events or 
indicators most relevant to the formation of the Wai‘anae Valley community.   
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Pre-contact Wai‘anae  
     The history of Wai‘anae reveals the culture and land use practices of a community that 
depended on productive land and harvesting from the sea for well-being.  The major land 
divisions were according to the supreme chief, mo‘i, who divided the land for taxation and 
resource management purposes while serving as a “trustee [of the land] under Kane and Lono, 
the nature gods who caused the land to be fruitful.”22 The land use concept was based on a 
cooperative system of stewardship of the land, rather than of ownership.  The partitioning of 
land continued throughout the social hierarchy with larger districts being supervised by the 
high chiefs, ali‘i, and managed by the konohiki, who were essentially dependents and lesser 
warrior chiefs. The maka‘ainana cultivated the land and shared the harvest for sustenance as 
well as to provide offerings. The konohiki were not bound to their parcel of land, nor to their 
governing ali`i and retained the freewill to relocate to another territory.23  Origins of this land 
division system are attributed to the son of ali‘i nui kapu (sacred chief) Liloa who was named 
Umi-a-Liloa.24  It is believed that he was the first to organize the island of Hawai‘i under one 
ruler and to implement the system of social stratification that was then carried on by his own 
son, Keawe-nui-a-Umi, who redistributed the lands.25  This land use system was eventually 
implemented on the other inhabited islands, including O‘ahu.      
     The major land divisions were termed moku, which has multiple meanings including, “cut, 
fragment, island, and district.”26  Moku were the major land divisions as shown in Figure 1.2.   
 
                                                 
22. E.S. Craighill Handy and Elizabeth Green Handy, and collaboration with Mary Kawena Pukui, Native   
Planters in Old Hawaii; Their Life, Lore, and Environment, Rev ed. (Honolulu, Hawaii: Bishop  
Museum Press, 1991), 41. 
23. Handy, 41.   
24. Handy, 46.   
25. Handy, 46.   
26. Handy, 46 and “Hawaiian Dictionaries,” Ulukau Hawaiian Electronic Library, http://www.wehewehe.org/ 
(accessed multiple January – December 2008). 
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Image Source: Cordy, p13.  Color added to image by author to highlight the site 
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At the time of European arrival to O‘ahu in 1778, there were six primary moku, listed clockwise 
beginning with the north end of O‘ahu: Ko‘olauloa, Ko‘olaupoko, Kona, ‘Ewa, Waianae, 
Waialua.27 
     Within the moku land divisions were the ahupua‘a, which were the “chief political subdivision, 
for the purpose of taxation, and each of these sections was subject to a lower chief who was 
known as the ali‘i ‘ai ahupua‘a or “chief who eats the ahupua‘a”.28  These demarcations were 
according to the resources of the land and typically were drawn from streams pathways or the 
ridgeline of the mountains, following valley floors and ridges, beyond the coastline to the ocean 
limits of fishing harvests.  There is some question about the management divisions of the pre-
contact ahupua‘a.  However, in the Wai‘anae moku, the ten ahupua‘a believed to exist between the 
time of 0-600AD and the early 1800’s include: Nānākuli, Lualualei, Wai‘anae Kai, Wai‘anae Uka, 
Mākaha, Kea‘au, ‘Ōhikilolo, Mākua, Kahanahāiki, Keawa‘ula.29  
     Further division of the ahupua‘a was termed ‘ili in reference to sections of land used by a 
group of extended family, called ohana. ‘Ili were not necessarily defined by a single outline, but 
could “jump” other lands and some were designated as permanent properties of families which  
were not re-designated during chiefdom reorganizations.30  Extensive and specific terminology 
was used to designate the land use, such as dry or wet taro farming or sweet potato growing.31  
This wide vocabulary for specific land uses, indicates a developed relationship between the land, 
‘āina, and community. 
     The plain between the sea and forested mountains was called kula.32  These lands are defined 
as having the following character and use:   
                                                 
27. Ross, Cordy, An Ancient History of Wai‘anae Ka Moku O Wai‘anae: He Mo‘olelo O Ka Wa Kahiko    
(Honolulu: Mutual Publishing, 2002), xi. 
28. Handy, 48.   
29. Cordy, 1.   
30. Handy, 49.   
31. Handy, 52.   
32. Handy, 55. 
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In terms of use from the Hawaiian planters’ point of view it was the area beyond or 
intersecting the kula lands that was of prime importance and dictating his habitation and 
his favored type of subsistence. This was the kahawai, “the place [having] fresh water” – 
in other words, the valley stretching down from the forest uplands, carved out and made 
rich in humus by its flowing stream.  Here he could find (or make) level plots for taro 
terraces, diverting stream water by means of ‘auwai (ditches) into the lo‘i, or descending 
series of lo‘i, until from below the whole of the visible valley afforded a scene of lush 
green cultivation amidst fresh water glinting in the sun.  The planter might have his 
main dwelling here or he might dwell below and maintain here only a shelter to use 
during periods of intensive cultivation in the kahawai.33 
 
Of utmost importance in cultivating the Hawaiian food staple, kalo, was the abundance of fresh 
water.  Water rights were considered communal and required farmers to participate in the 
construction and maintenance of irrigation ditches, called auwai. The very word in Hawaiian for 
law is derived from the word for equal sharing of water, kanawai.34  Even though konohiki 
managed the water usage on a time schedule to assure equal distribution, no person was above 
contributing to the required maintenance of the life giving water supply.35  All were accountable 
for the stewardship of this resource.  The water supply was managed with designated areas for 
bathing and washing utensils, while drinking water was collected at the pure source.36 
Fresh water as a life-giver was not to the Hawaiians merely a physical element; it had a 
spiritual connotation.  In prayers of thanks and convocations used in offering fruits of 
the land, and in prayers chanted when planting, and in prayers for the rain, the “Water 
of Life of Kane” is referred to over and over again.  Kane-the word means “male” and 
“husband” –was the embodiment of male procreative energy in fresh water, flowing on 
or under the earth in springs in streams and rivers, and falling as rain (and also as 
sunshine), which gives life to plants.37  
 
Unlike the English definition for the word water which refers to the scientific properties of the 
element, translation of the Hawaiian word for water, wai, “has many meanings: water and blood 
and passion and life.”38  Like the sacredness of water, the product of the land was also divine in 
nature.  Malama‘aina, care of the land, was a core cultural and spiritual value of the people.  The 
concept of malama‘aina was more than a philosophy.  The story of Hawaiian ancestry is rooted 
                                                 
33. Handy, 55.   
34. Handy, 58.   
35. Carol Wilcox, Sugar Water: Hawaii’s Plantation Ditches (Honolulu: University of Hawaii Press, 1996), 26.  
36. Handy, 61.   
37. Handy, 64.   
38. Wilcox, 24. 
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in the land through the embodiment of Haloa-naka in taro, the offspring of the gods and brother 
to all Hawaiian people.39  Ownership of land and water were no more possible than ownership of 
sunlight, rain clouds or the source of life.40  
      The geography, water sources, and soil qualities of the Wai‘anae area enabled the cultivation 
of the valley.  The highest mountain on O‘ahu is Mount Ka‘ala, which stands at 4,025 ft as part 
of the Wai‘anae mountain range, an erosional remnant of the Wai‘anae shield volcano which 
dates to 2.5-3.3 million years ago.41  Despite the aridity of this region, the Ka‘ala summit 
receives 60-100 inches of rainfall per year, which contributes to the reservoir of water held in 
springs within the earth.42 
Seeps and springs were…present – emerging from the base of the ridges from dikes and 
from soil layers between old lava flows.  By far, the largest of these springs in coastal 
and lower valley areas was the heavily flowing spring at the seaward base of Kamaile 
‘unu ridge (between Wai‘anae and Makaha), the ridge taps the wettest parts of the 
Wai‘anae mountains…This spring has since been tapped by pumping stations and the 
watered land of Kamaile is no longer.43 
 
The Mount Ka‘ala peak was considered the most sacred place on the Wai‘anae coast – “Ancient 
kahunas (priests) spoke of Mount Ka‘ala as being clothed in the golden cloak of Kane, the first 
deity of the Hawaiian pantheon.  Mount Ka‘ala was the guardian of the road to the west, the 
path of the sun, the resting place on that great road to death where spirits of the dead return to 
their homeland.”44 
     It is believed that the windward side of O‘ahu was settled first, most likely due to the higher 
rainfall in the area, however, as the island population expanded, the leeward side was irrigated 
for taro evident from “…archaeological work in lower Waianae Valley [which] found buried lo‘i 
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soils in the Kawiwi stream drainages’ floodplains dating back to the 1100s -1200s.”45  Further 
archaeological studies show evidence of forest clearing and farming on the leeward plain 
indicating that the majority of O‘ahu’s lower valleys were inhabited by the early 1300s.46  Based 
on population estimates from similar settlements in Polynesia, it is believed that the Ewa region 
of O‘ahu had approximately 1,000 – 3,000 people at this time.47  Extrapolation of population 
counts by missionaries in the 1800s, indicate that the individual ahupua‘a on O‘ahu may have 
supported 400 -1,400 people by the 1700s.48 
     The population of Wai‘anae was not supported on taro alone.  The very word Wai‘anae is 
derived from the words for “water” and “large mullet”.49  Fishing and fish farming were critical 
to the Wai‘anae diet.  There is evidence of well-developed fish farming practices.  One such 
fishpond, was a ten acre pond at Pahoa.50  In the 1930s a 300 x 75 foot fishpond at Poka‘i‘ili was 
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      Example of a loko i‘a fishpond, Moloka‘i 
                                                                                                                        Image Source: author 
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recorded approximately 500 feet from the beach, far enough away to be protected from the tides 
and bermed by naturally forming sand dunes.51  In addition to the fishponds, dryland farming 
yielded sweet potatoes, and gourds, while coconuts, bananas, ti and fern were collected for 
eating.52   It was these technologies, “(a) walled fishponds, (b) terraced pondfields with their 
irrigation systems and (c) systematic dry-land field cultivation organized by vegetation zones”, 
which allowed production intensification to support the population.53 
     Oral history accounts and archaeological findings indicate a prosperous community in 
Wai‘anae which was sustained by the immediate resources of the region.  Although cultivation 
intensity increased as the population rose, there are no accounts indicating major disease or 
famine that would suggest over-farming or exploitation of the land beyond carrying capacity 
during this pre-contact period in Wai‘anae.  Care of the land functioned essentially as a 
community-based land management system.  Resources between families were shared.  
Although the human presence and deliberate cultivation of crops altered the land, all indicators 
point toward a general balance between the human population land uses and the ecological 
systems of O‘ahu.      
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Post-contact Wai‘anae 
     Western contact in 1778 introduced a conflicting cultural concept of land ownership and 
resource rights to the people of Hawai‘i.  In the prevailing western model, land was seen as a 
commodity with a monetary value.  This concept was fundamentally contrary to the Hawaiian 
socio-political system regarding how ahupua‘a were governed and managed, which was based on 
boundaries demarcating resource availability and capability of supporting the community.  
Water was not owned.  Land was not owned.  These resources were strategically used and the 
abundance they provided was shared.  The view of land as an economic bartering chip was 
foreign to the Hawaiian spiritual relationship with the land.   
     The introduction of the Euro-western concepts of land use transformed native cultural 
practices.  The extent of the effect of a new economic system on native values and spirituality is 
arguable, but it is apparent that the power and commodities derived through participation in 
this economic system was adapted by Hawaiian leaders.  Regardless of conjecture as to why this 
system was adapted by Hawaiian leaders, land resources became part of the Hawaiian culture in 
these early steps of globalization:    
During the 1790s Hawaiian chiefs began trading sandalwood, although it did not 
become a major item of trade until after 1810… Kamehameha I placed a royal monopoly 
on sandalwood until 1819 when the chiefs forced his successor, Kamehameha II, to share 
the trade with them.  The flourishing sandalwood trade undermined the land tenure 
system and the chiefs, especially the konohiki, became capricious in their treatment of 
the maka‛āinana and made oppressive demands of the commoners…Farming 
consequently suffered and at times, cultivation and fishing virtually ceased….54 
 
Enforcement of fishing kapu, prohibitions, during the spawning season halted causing depletion 
of fish breeding grounds.  Cooperative work such as deep-sea fishing could not be sustained 
with all of the community resources turned toward labor intensive sandalwood harvesting.  The 
focus on reaping gain from one commodity disturbed the balance of land use and the related 
                                                 
54. Linda S. Parker, Native American Estate: The Struggle Over Indian and Hawaiian Lands, (Honolulu:  
University of Hawaii Press, 1989), 92. 
   
45 
cultural social structure, affecting the food supply and efficiency of land use.55  There are 
accounts of Hawaiians turning to eating moss, bitter herbs and fern stems due to the lack of 
cultivated crops.  Kamehameha I ordered a kapu on removing young sandalwood trees in order 
to conserve the resource for future use.56  The Wai‘anae forests became devoid of sandalwood 
stands as quickly as 1829 from over-harvesting.57  The impact of external influences and the 
need to produce for profit rather than to meet the sustenance and ceremonial needs of the 
immediate population, resulted in a degraded quality of life for the commoners and possibly 
expanded the division between the social stratifications in the Hawaiian social and political 
construct.  There are no accounts of the wealth from the sandalwood industry being distributed 
among the tiers of the Hawaiian social structure.  The degraded quality of life for the laborers, 
the maka‘āinana, is evidenced by accounts of them destroying young trees in protest of this new 
economy requiring forced labor as well as to prevent future generations from having to endure 
periods of forced labor in the mountains.58  Additionally, within this short period, the forest 
canopy of the mountain land was completely altered.  The ongoing consequences of perpetually 
using the land for profit is clearly physically evident in the impact on the island ecosystem.  
Figure 1.3 shows the process of deforestation which has altered the landscape on the leeward 
coast of O‘ahu.   
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Wai‘anae Ecological Characterization Study of Vegetation Changes         
Site Historic Context                                                                                                       Figure 1.3
Image source: State of Hawai‘i Department of Business, Economic Development and Tourism, Hawai‘i 
Coastal Zone Management Program. Waianae Ecological Characterization, text demarcating Ka‘ala Farm, 
Inc. site added by author 
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     This period showed a change in fundamental perspectives about community and 
individuality.  The Hawaiian society and culture had formed around the concept of ensuring 
benefit to the community as a priority.  No individual rights eclipsed those of the community, 
especially in terms of natural resources use and rights.  The capitalist economic system was the 
introduction of a social system dependent on the success and of individuals, with the profits 
shared among a few, regardless of the impact on the collective.   
     At the same time as these cultural and ecological changes were occurring, a catastrophic 
impact was made by the unforgiving hand of disease, imported by the island newcomers.  
Reports indicate that approximately 300,000 Hawaiians lived on the islands at the time of 
European arrivals in 1778 and by 1822 it had declined to less than half of this figure.59  This 
population estimate is supported by the Office of Hawaiian Affairs through publication in the 
1998 version of the Native Hawaiian Data Book.60  Captain King from the Cook expedition 
estimated the Hawaiian population at 400,000 and after further consideration of his calculation 
methodology this seems to be an underestimation.61  European contact exposed the Native 
Hawaiian population to venereal disease, typhoid fever, cholera, hepatitis, dysentery, flu, 
measles, mumps, small pox, bubonic plague, and a host of other viruses, bacteria and pathogens 
previously unknown to the islands.62 In the 1860s, Kamakau recorded that the native Hawaiian 
population numbered approximately 57,000.63  The native Hawaiian population is cited as low as 
51,531 in 1872 and is believed to have further declined to its lowest point between 1875 and 
1876.64  Even more gruesome, is the belief that original population estimations may be severely 
underestimated.  David Stannard argues that the population numbered 800,000 or more in the 
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1989 publication Before the Horror.65  Violent decline in population challenged the survival of the 
Hawaiian culture.  This disaster reduced the will and capacity for the community to oppose the 
structural changes imposed on the island people.  According to an 1835 census conducted by 
missionaries, the leeward population had declined to only 1,654 residents on the Wai‘anae Coast 
due to the effects of disease and attraction of the new urban centers.66   “Weeds were growing in 
many taro patches.  Empty houses were falling down.”67  Despite this decline, the Wai‘anae area 
became known as a stalwart of the traditional way of living and even in 1855, missionaries 
reported at least 100 acres still in taro and families living in pili grass covered structures.68   
     King Kamehameha III (Kauikeaouli) lead the Hawaiian Kingdom from 1825-1853.  This was 
a time of solidification of significant transformation of the Hawaiian socio-political structure as 
Hawaiian leadership took the form of western monarchy models.  Kauikeaouli supported 
cultural revival while also transforming the Hawaiian Kingdom into a constitutional monarchy 
eradicating the tabu system of the chiefs and adopting laws that supported equality among 
classes.69  Kauikeaouli acted to ensure native land rights through the creation of the Hawai‘i 
Kingdom’s first constitution in 1840.70  In 1845, the Organic Acts set in place the Departments 
of Interior, Foreign Relations, Finance, Public Instruction and Attorney General offices, each 
lead by an appointed Minister.71   
     During this critical transformation of economy and government, came the most significant 
act of division between the native Hawaiian people and the ‘āina, known as the Mahele.  
Intended to replace tenancy relations with the guarantees of secure title, the Mahele 
instead set the stage for the alienation of most Hawaiians from the land.  …land was 
inalienable in the native conception.  Rights to use productive resources-including not 
only land but forests, streams, and the sea-were allocated through a hierarchy of land 
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giver/tenant relationships, from higher to lesser chiefs to local land supervisors, and 
thence to commoners.72 
 
In the native Hawaiian system, land was not owned but rights to use the land were managed 
within the social order.  Land rights could be transferred through the konohiki or through 
families.  A senior person in the family was considered the haku `āina who served to manage 
land use rights and distribution.73  
     In 1846, the Land Commission was created, formally titled the Board of Commissioners to 
Quiet Land Titles.74  In February of the same year, the Land Commission published a notice in 
the newspaper announcing that it would begin holding “weekly meetings to review claims for 
fee simple land patents and term leases.”75 In August of the same year, seven principles were 
stated as methodology for reviewing land claims, which were based on class stratification.  
Initially, the deadline for filing a land claim as well as for proving rights to that claim was two 
years.76    
     Land divisions began in 1848, thus the commencement of the Mahele. 
After Kauikeaouli identified the ‘Āina he wished to reserve, a period of quitclaiming took 
place…On March 8, 1848, the day after the quitclaim divisions were complete, 
Kauikeaouli held title to nearly 2.5 million acres, or 60 percent of the land in the 
Kingdom.  But almost immediately, after identifying the parcels of land that he wanted 
to retain, Kauikeaouli ceded about 1.5 million acres to the Government for the benefit of 
the people of his Kingdom, and these lands became known as the Government 
Lands…These Government Lands, like all ‘Āina in the Kingdom, remained subject to 
any claims of the maka‘āinana.77 
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The resulting land divisions of the Mahele in 1848 were: 
- 23% (984,000 acres) of Mō‘ī lands or Crown Lands,  
- 36% (1,495,000 acres) of Government Lands,  
- 39% (1,619,000 acres) of Ali‘i Lands, and 
- 0.6% (28,000 acres) to the commoners.78   
 
After paying the commutation fees in land and relinquishing land to the Mō‘ī through the 
quitclaim process, the Ali‘i as a group retained only about 1/3 of the land they had controlled 
prior to the Mahele.79 The Kuleana Act of 1850 authorized Land Commission awards to the 
kuleana, or commoners, including “a section safeguarding the people’s right to take firewood, 
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Figure 1.4 
Government and Crown Lands compiled from 1881 survey. 
The Ka‘ala Farm, Inc. site falls into the swath of Crown Lands of Wai‘anae. 
Image Source: Van Dyke, 58. 
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timber, and thatch from the chief’s lands, as well as their water rights.”80  In all, between 148-
1855, there were 13,500 claims and 11,309 land awards.81   
     This redistribution of land and ownership altered concepts of land use island-wide.  No 
longer was the majority of land in the hands of the Native Hawaiian population, being used for 
subsistence food growth and communal village living.   
Clearly, the Native Register offers invaluable insights into the Hawaiian subsistence 
economy and the indigenous notion of rights in productive resources.  Claims in the 
Register are not only for land parcels-real estate in the Western sense-but include 
irrigation ditches, trees, the right to gather firewood, ‘clumps’ of semiwild cultigens, and 
the right to fish in the sea and streams for certain species at certain times of the year.82 
 
The natural resources became subject to the will of individual land owners, often being 
transformed into commodities for sale rather than for subsistence and for trade or use as 
offerings.  There was no longer a management structure to prioritize community needs and 
ensure those needs were met for all members.  The taro fields of Wai‘anae began to be 
transformed into cattle ranches, sugar plantations, some rice paddies to feed the immigrant 
workers, and minor attempts at coffee growing.  Other portions of the O‘ahu northern landscape 
and ecology were scoured with pineapple fields in the wake of declining sugar.  Pursuing these 
agricultural commodities altered the landscape due to tilling the earth with machinery, re-
routing water ways, applying polluting pesticides and fertilizers eliminating biodiversity, and 
importing immigrant labor also altering demographics, culture, social and political structures. 
     By the late 1870’s, ranching had become the leading industry on the Wai‘anae Coast.83  
Horses and cattle grazing resulted in a dramatic impact on the land which was also seen on 
other islands.  William Hillebrand, a surgeon and botanist, is quoted as saying in 1856 to the 
Royal Hawaiian Agricultural Society, ‘Of all the destroying influences man brings to bear on 
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nature, cattle is the worst…’84  The destruction of the forest canopy, leads to the exacerbation of 
arid land and the extraction of the forest root systems leads to soil erosion.  Erosion and cattle 
waste pollute fresh water systems and contaminate potential drinking water sources.  On the 
island of Hawai‘i, “In 1856, Abraham Fornander, editor of the Sandwich Islands' Monthly 
Magazine, argued that the very climate of Waimea had been altered by cattle, which had 
destroyed the ‘thick wood’ that, as recently as 1825, had stretched across the North Hawai‘i 
plain.”85  Eventually the erosion became so severe that in the 1970s there was an attempt to 
conserve the soil by planting fast growing kiawe trees, a non-native tree species now being 
replaced with native species in the Ka‘ala Farm, Inc. native dryland forest restoration project.86   
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Smaller scale ranching is still evident in Wai‘anae today.  Some cattle walls were built to keep cattle in, some to 
keep them out.  Archaeological evidence shows the possibility that some ‘cattle walls’ may have been constructed 
much earlier for different purposes. 
         Image source: author 
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In addition to the destruction of land, livestock required fencing, which lead to demarcation of 
property boundaries and divisions.  These divisions limited land access and therefore resource 
access.  This exclusion of land use rights was unknown in the Kanaka Maoli land management 
system.    
     Water rights became an issue as land rights and ownership changed and as the economy 
transformed from a subsistence economy to capitalist one.  As early as 1859, the government 
passed “An Act to Authorize the Minister of the Interior to Take Possession of Whatever Land 
and Water May be Required for the use of Honolulu Water Works” and in 1860 “King 
Kamehameha IV established Commissions of Private Ways and Water Rights in each region” to 
resolve conflicts over water rights which surfaced after the Mahele.87  The 1875 Reciprocity 
Treaty heightened conflict over water resources.  It was this treaty “…which gave preferential 
access to the American market” and consequently, “the sugar industry grew into a mighty tree 
dominating the whole economy of the Hawaiian Kingdom.”88 The treaty allowed the duty-free 
import of Hawaiian sugar and rice into the United States while excluding duty-free wool and 
coffee.89  The consequences altered the dominant island economy, demographics and land use.  
Between 1875-1890, sugar exports increased from 25,000,000 pounds to approximately 
250,000,000 pounds.90   This profitable business spurred entrepreneurs to target lands of the 
Wai‘anae Coast for sugar production.  Sugar and rice were replacing the once extensive taro 
fields.  Immigrants from Asia were essentially imported to work the fields, bringing further 
cultural diversification, agricultural practices, and dietary traditions.  The majority of the 
workers’ diet preference was for rice rather than taro, further perpetuating the decline of taro 
demand. 
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     Extensive water is required for sugar growing.  A single pound of refined sugar requires a 
disproportionate one ton of water.91  Coupled with monoculture farming practices and diversion 
of water into closed-loop systems, the sugar plantations transformed leeward lands.  In 1878 
Hermann A. Widemann established the Waianae Sugar Co. with financial backing from 
Hackfeld & Co. His endeavor was supported by the monarchy and he was granted a twenty-five 
year lease for the whole of the Wai‘anae Kai ahupua‘a crown lands.92  Sixty acres of brush were 
immediately cleared to make way for laborer housing and the first sugar cane crops while 
irrigation ditches were carved out from Wai‘anae stream.93  Three-quarters of a mile of wood 
pipe was constructed to transfer water into a man-made reservoir in order to support the new 
mill operations.94  It is believed that pipes and sugar flumes such as these were likely placed 
along the routes of preexisting native Hawaiian auwai pathways.95  
     During this period, there was another cane farmer in the valley, a Chinese firm called A. Loo, 
K. Daw & Co who planted 122 acres, who are said to have shared the water with the Hawaiian 
taro farmers despite their commercial operation.96  There were entrepreneurial attempts in the 
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Sugar processing and growing on Maui today conveys the scope and impact of the sugar industry on the islands 
         Image source: author  
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area to grow coffee and to create rice paddies as well.97  Other regions of the island were being 
equally intensely exploited of resources, which drove a spirit of competition.  The Waianae 
Sugar Co needed to increase the production yield, achieved through expansion of acreage in 
turn increasing in water demand.  Approximately 3,000,000 gallons were produced daily 
through extensive drilling of 18 wells at Kamaile, which produced water that was reported as 
having a high salt content.98  In 1897, John M. Dowsett had the idea to reforest the upper 
Waianae Valley in order to restore the watershed and to create a ditch system which collected 
2,200,000 gallons of run-off.99  Hydroelectric pumps further increased the water harvesting 
capacity of the sugar plantation.  The water used in cane production was a closed loop system, 
unavailable to other valley residents or for other applications.     
     It was during this period that John L. Stevens, the United States Minister, conspired to 
overthrow the Hawaiian  Kingdom “…on the afternoon of January 17, 1893, a Committee of 
Safety that represented the American and European sugar planters, descendants of missionaries, 
and financiers deposed the Hawaiian monarchy and proclaimed the establishment of a 
Provisional Government…”100  Under duress and the threat of violence, backed by arms 
provided by U.S. military forces, Queen Liliuokalani relinquished her authority to the United 
States Government in the hopes to avoid violence.101  In recognition of this illegal overthrow of 
the sovereign monarchy,  
…in a message to Congress on December 18, 1893, President Grover Cleveland 
reported fully and accurately on the illegal acts of the conspirators, described such acts 
as an ‘act of war, committed with the participation of a diplomatic representative of the 
United States and without authority of Congress’, and acknowledged that by such acts 
the government of a peaceful and friendly people was overthrown…102   
 
This act extinguished the Hawaiian Kingdom monarchy.  
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     The struggle between day-to-day living for residents of the area and commercial enterprise 
was generally unregulated.  This meant considerable strife for the people living on the Wai‘anae 
coast.  Homesteaders attempted to settle in the area, which by this time had undergone 
significant transformation.  Figure 1.5, the 1906 Monsarrat survey map, indicates a substantial 
portion of the Wai‘anae Valley as “formerly in taro” which had been mostly abandoned as 
commercial pressures, disease, and disregard for native rights and land use practices had pushed 
people from the land.  289 acres are labeled as “formerly in taro.”  Adding to color to the map to 
indicate sugar cane, taro, water sources and water pipelines, gives an immediate visual depiction 
of controversial water and land issues, which continue today.  The upper portion of the valley 
toward Mt Ka‘ala shows ample springs and fresh water sources.  The pipelines and flumes 
indicate channeling these water sources for plantation use as well as for the hydroelectric power 
plant dependent on water reservoirs.   
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     The Hawaiian Homes Commission Act of 1920 was established as leases on approximately 
200,000 acres of land, much of which had been used by sugar plantations and expired between 
1917-1921.103  2,000 acres are named in Waianae, as part of Parcel II.104  The law made 200,000 
acres available to people of Hawaiian lineage and was supposed to give homesteaders first rights 
to water.105   Homesteading pursuits were difficult and as other geographic regions of the island 
and globe drew economic or political attention, communities in the Wai‘anae area became less 
visible to government and related institutions.  In 1923, homesteaders elected five 
representatives from the Wai‘anae community to petition the legislature to address their 
concerns, which included: 
- No road or water system for the homesteaders. 
- Not enough public school teachers and a tendency for those assigned to 
Waianae to leave after the first year.  As a result, teachers never became familiar 
with the unique problems on the Waianae Coast. 
- No representation from the rural districts on the Board of Supervisors in 
Honolulu. 
- High-handed methods of arrest and conviction of minors in Waianae. 
- Lack of a resident doctor anywhere on the coast.106 
 
These continued to be concerns of the region even after statehood.  There was some attempt to 
address the peoples’ issues, but little funding or enforcement ended in insufficient attention to 
mounting issues affecting the community’s quality of life.  In 1924 Governor Wallace Rider 
Farrington made a trip to the area and made a report to Charles T. Bailey, the Territorial Land 
Commissioner.  In turn, Bailey reported in June that as a result of this inspection, it was 
confirmed that the Wai‘anae Plantation was using 2,500,000 gallons of water per day that was 
owned by the government because the mountain water flowed from a public forest reserve and  
some irrigation pipes ran across public land.107   
                                                 
103. State of Hawaii, Department of Hawaiian Homelands,  Hawaiian Homes Commission Act, 1920, Act of July 9, 
1921, c 42, 42 Stat 108, http://hawaii.gov/dhhl/laws/Hawaiian%20Homes%20Commission    
%20Act% 201920.pdf (accessed March 17, 2008). 
104. State of Hawaii, Department of Hawaiian Homelands,  Hawaiian Homes Commission Act, 1920, 12. 
105. Brewer, 108, 122. 
106. Brewer, 87-88. 
107.  Brewer, 88.   

   
60 
The dispute ended in a settlement that granted right-of-way for irrigation pipes and reservoirs 
but required the sugar plantation to release 112,000 gallons of water per day to the community.  
Figure 1.6, the 1938 survey map, indicates the land use in the Wai‘anae moku area at this time.  
     In the period post World War II, plantation life in the islands was declining as worker wages 
increased and cost of shipping and doing business also rose.  The decline of sugar on the islands 
was a precursor to the eventual decline of other monoculture agricultural big business crops 
such as pineapple.  Transforming the watersheds and ecosystems on the island in order to grow 
industrialized monoculture crops proved to be un-sustainable environmentally and 
economically.  In comparison, taro farming methods depended on manual labor, rather than 
machines.  Although a single primary crop, taro growing allows a level of biodiversity, 
providing water fowl, crawfish, fish and other 
plant habitats.  Resources, such as water were 
conserved and maintained a role in the 
ecosystem.  Water for taro was diverted in 
moderation.  Sources were not dammed, 
allowing water to be shared as well as to 
continue serving its role in the greater 
ecological system.  The taro harvest was used 
to fulfill local needs rather than to feed a global 
population.  The ability of an island, removed 
from global markets by thousands of miles of 
ocean, created expensive transportation burden 
for big business farmers.  Additionally, the cost 
of labor in Hawai‘i eventually became 
uncompetitive with labor wages in nations with 
 
Biodiversity is supported by traditional taro farming methods 
 
Image source: author 
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less developed economies.  Sugar operations were suspended in 1947, but 70% of the laborers 
stayed and purchased their plantation houses.108  A community of people rooted in rural life who 
labored in the agriculture business settled into neighborhoods. 
                                                 
108.  Brewer, 151. 
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Contemporary Wai‘anae  
     Hawai‘i was granted statehood in 1959.109  With this definitive change in government, the 
Hawaiian islands became institutionally and politically subjected to mainland concepts of 
economy, business, education, culture and religion.  The motivations for becoming a state were 
diverse.  At the same time, with the imposition of this social structure and way of being, came 
the acknowledgement of a declining quality of life among many Hawai‘i communities.  Federal 
funding and government programs were applied to communities struggling with poverty, 
crime, and unhealthy growth across the United States, to include Hawai‘i and the Wai‘anae 
Coast.   
     Figure 1.7 shows the land divisions of the Wai‘anae area ahupua‘a from 1955, just prior to 
statehood indicating changes in land use and boundaries, such as no longer including the 
Wai‘anae uka portion in the Wai‘anae moku.  This documentation shows that the ahupua‘a land 
use system had continued to be known and documented through the period of Native Hawaiian 
population decline and additional changes that came with western contact.   
     In 1965, the Wai‘anae Community Action Program funded by the Federal Office of 
Economic Opportunity began offering services from its office housed in the Wai‘anae Methodist 
Church.  Among a host of services, they offered tutoring, the Headstart pre-school program, and 
legal aid. These agencies attempted to address issues of education, health, and representation 
that significantly challenged the rural Wai‘anae communities.  In 1967, Wai‘anae was chosen for 
participation in the federally funded Model Cities program.110  
                                                 
109. City And County of Honolulu, The Honolulu Model Cities’ Program City Demonstration Agency,     
Evaluation of the Wai‘anae Model Community Development Project, 24.   
110. Brewer, 163.   
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1959 Ahupua‘a 
Site Historic Context                                                                                                     Figure 1.7 
Image Source: Bishop Museum Archives 
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This program was begun under President Lyndon Johnson and “The Great Society” 
initiative.111  The Model Cities program was specifically born out of the Demonstration Cities 
and Metropolitan Development Act of 1966, which lasted only until 1974.112  The Department 
of Housing and Urban Development (HUD) portion of the program continued, but with far less 
comprehensive services that were established in the Model Cities program.113 
     The Model Cities program was based on community participation and included programs in 
the following areas (TOC from “Model Cities Comprehensive Program”): 
- Culture and the Arts 
- Education 
- Employment and Economic Development 
- Health 
- Housing 
- Law and Justice 
- Planning and Urban Design 
- Recreating 
- Social Services 
- Transportation 
 
These institutional categorizations identified the areas requiring immediate attention in the 
community, many or all of them still applicable.  They served as a stepping stone, and some 
aspects of these programs have survived.   In hindsight, these programs may have been more 
effective if the focus had been on cultural revival aspects and cultural duality and diversity 
rather than separating “Cultural and the Arts” into an isolated category, pressuring cultural 
assimilation.  It is through this lens of culture that all other aspects occur.  For example, 
supporting indigenous culture and land rights in turn supports farming and fishing practices, 
which in turn affects diet and health.  Protecting the land includes protecting the right to 
cultivate and use native plants and resources for medical practices, in turn perpetuating 
                                                 
111. The White House, “Lyndon B. Johnson,” Presidents of the United States, http://www.whitehouse.gov/ 
history/presidents/lj36.html (accessed November 30, 2008).   
112. Gerhard Peters and John Wooley, “Lyndon B. Johnson XXXVI President of the United States: 1963-1969,” The 
American Presidency Project (Santa Barbara, CA: University of California), 
http://www.presidency.ucsb.edu/ws/index.php?pid=27987 (accessed August 8, 2008).     
113. U.S. Department of Housing and Urban Development, “The Federal Housing Administration (FHA),”  
(September 6, 2006), http://www.hud.gov/offices/hsg/fhahistory.cfm (accessed August 15, 2008).   
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education and health.  Supporting indigenous education models, where students learn by 
practice and mentorship, rather than through static reading and writing, builds community 
relationships. This relationship based learning also helps perpetuate culture through hands on 
use of language, food preparation, participation in arts, subsistence living and healing.  
Traditional practices in these areas depend on verbal communication and demonstration 
learning.  Members of a community advocate for their rights by better understanding their own 
needs.  These are ideas of community empowerment through capacity building and community 
building by strengthening internal organizations, identity, and effectiveness.  Community based 
plans motivated from within grass roots understanding can help a group identify their needs.  
These concepts of community participatory action are included in sustainable development 
theories.  Sustainable development requires internal development rather than dependence on 
external aid.   
     In 1967, the State Progressive Neighborhoods Act was signed into law by Governor John H. 
Burns enabling the Wai‘anae-Nanakuli area to acquire a full time doctor and social worker 
(youth focused), as well as teacher training.114  At this same time, in hopes of improving local 
economic development, attention was given to tourism development, which was seen as an 
economic panacea.  Capitalizing on cheaper lands and undeveloped coastal views in the leeward 
area, Chinn Ho began construction on a Mākaha Valley 200 room luxury hotel.115  This was not 
the first, nor the last, attempt at tourist attraction as a means of economic development on the 
Wai‘anae Coast.  In 1979, the City and County of Honolulu Department of General Planning 
report entitled “The Future of Resort Development on O‘ahu” states that the desire of Wai‘anae 
West Beach area residents is to have more jobs in agricultural related work, but that they do 
not want population growth.  The report cites these findings as irreconcilable, “…since, in the 
                                                 
114. Brewer, 163.   
115. Brewer, 163.   
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immediate future, any significant number of jobs on the Wai‘anae Coast must come from the 
visitor industry.”116   
     The community however, showed a greater need of attention to cultural, social, educational 
and environmental issues than attention to the economics of tourism.  In 1970 the Wai‘anae Rap 
Center for drug control was created with a focus on the community youth.117  Around this same 
time, the State opened a human services office in Maili “where Wai‘anae Coast residents could 
get help from a social worker, public health nurse, vocational rehabilitation counselor, welfare 
payment staff, and employment counselor…”118  The success and demand at this center 
warranted opening similar centers in Nanakuli, Wai‘anae and Mākaha.119  A 1971 report entitled 
“Evaluation of the Wai‘anae Model Community Development Project” reviews the work that 
was done in the community, weighing it against the Model Cities initial objectives of: 
1.  Accomplish Model Cities’ planning and urban design objectives of achieving a 
physical environment which strengthens community and neighborhood identity. 
2.  Provide MNA families and individuals with physically sound and uncrowded 
housing, as well as a reasonable choice as to type, location and size of their housing unit. 
3.  Promote increased employment opportunities through subsequent development of 
the MCD project. 
4.  Provide broader recreational opportunities reflecting the particular needs and 
preferences of the residents.120 
 
Among extensive narrative regarding the failures of the program and participatory planning 
process, the difficulties appear to be significant from an administration perspective for the 
comprehensive program.  The text of the program evaluation report reads: “The initial intent of 
the project plan calling for direct and active participation by the City Planning Department in 
                                                 
116. City and County of Honolulu, Department of General Planning, The Future of Resort Development on    
O‘ahu, (Honolulu: Department of General Planning, 1979), 9. 
117. Brewer, 164.   
118. Brewer, 165.   
119. Brewer, 165.   
120. City and County of Honolulu, The Honolulu Model Cities’ Program City Demonstration Agency,   
Evaluation of the Wai‘anae Model Community Development Project (Honolulu: The Honolulu Model Cities’ Program 
City Demonstration Agency, 1971), III-3. 
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developing the conceptual design and plan for the project was not workable.”121  The failures of 
the program were thoroughly documented and it was determined that they were wide-ranging 
rather than caused by a single prominent factor or department.  However, the inability of 
various government agencies to work with local level community administrations to support the 
program was documented as a cause of the limited effectiveness of the program, ultimately 
leading to the termination of what had become an unwieldy bureaucratic system.  However, 
many of the agencies that were established by the program continued independently.  As noted 
in an interview with Billie Hague, Wai‘anae community member and Ka‘ala Farm, Inc. Board 
Member, the community had been activated and there was elevated awareness about funding, 
services, and ability for the community to voice concerns.   
     The Model Cities Program also had the effect of articulating the needs of the community and 
publishing the issues in the Wai‘anae Neighborhood Area.  For example, the 1969 “Model Cities 
Comprehensive Program; City and County of Honolulu: Kalihi-Palama Model Neighborhood 
Area [and] Wai‘anae-Nanakuli Model Neighborhood Area” report states: 
The fact that Honolulu is seen throughout the world as a unique achievement in social 
harmony makes O‘ahu’s economy and physical disparity all the more obvious and 
disturbing.  The Island’s economy, social structure, and physical isolation have 
produced social inequities.  There is a gap between affluent and poor; there is a pre-
dominance of low-paying jobs in one of the nation’s highest cost-of-living areas.122   
 
The issues of concern in the Wai‘anae Model Neighborhood Area are identified as being  
…associated with physical isolation as well as economic deprivation: high 
unemployment; low income; limited health care facilities; low educational levels; 
inadequate job skills; and poor transportation access to major employment centers. It is 
especially noteworthy that while the Wai‘anae Model Neighborhood Area falls within 
the contiguous city and county limits of Honolulu, in reality it is an isolated rural 
community separated from the heart of Honolulu’s urban area by 30 miles and a one-
hour drive.123   
 
                                                 
121. City And County of Honolulu, The Honolulu Model Cities’ Program City Demonstration Agency.     
Evaluation of the Wai‘anae Model Community Development Project, IV-10.   
122.  City and County of Honolulu, City Demonstration Agency, Model Cities Comprehensive Program, 2.   
123.  City and County of Honolulu, City Demonstration Agency, Model Cities Comprehensive Program, 3.   
   
68 
Suggestions for future development acknowledge the semi-rural lifestyle and setting of the area 
and recognize the changes, and volatility in some cases of military presence, construction 
industry, manufacturing, and agriculture as means of employment.  The report suggests 
potential in environmentally benign, higher paying fields, such as oceanography and research.124  
The focus of the program is predominantly on economic issues.  There is little or no mention of 
restoring cultural heritage through avenues such as language, medicine, protecting subsistence 
lifestyle rights, preserving historic cultural sites or restoring re-directed waterways to facilitate 
family sized agricultural plots.  The asset of the Wai‘anae landscape is described in terms of its 
“unusual” aesthetic rather than recognizing the unique and receding cast of endangered plants, 
birds, and aquatic life.
                                                 
124.  City and County of Honolulu, City Demonstration Agency, Model Cities Comprehensive Program, 13.   
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Model Cities Comprehensive Program Report Diagrams 
Site Historic Context                                                                                                     Figure 1.8 
Image Source: City and County of Honolulu, City Demonstration Agency, Model Cities Comprehensive Program, 
59 & 60; color added by author for legibility 
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    The Model Cities Comprehensive Program Report goes on to identify issues indicating 
cultural conflict that result in disconnections between the community and the established 
institutions, such as between the students, schools, and parents.125  It is recognized that 
“potential for cultural activities runs high among Wai‘anae MNA residents, but the need has not 
been adequately identified either by local residents or by leaders of cultural organizations and 
institutions whose concern for the most part lies elsewhere.”126  The disconnects are pervasive 
and the result is manifested in the youth as higher arrest rates were reported in Wai‘anae and 
nearly half of the cases were juveniles.127  In addition, the common consequences of poverty are 
evident by the substandard housing and lack of investment in the area.    
     Demographics describing the current profile of the Wai‘anae district have been compiled by 
the Center on the Family, an organization within the College of Tropical Agriculture and 
Human Resources at the University of Hawai‘i.  Center on the Family compiles data from the 
State of Hawai‘i Departments of Health, Education, Labor and Industrial Relations, Human 
Services and the US Census Bureau with the goal of addressing community issues primarily 
focused on the Asian and Pacific Island American families living in the state of Hawai‘i.  The 
geographic neighborhoods that make up the Wai‘anae Community profile is a combination of 
data from Ka‘ena, Kea‘au, Māili, Mākaha, Mākaha Valley,  Mākaha Village, Mākua Valley, 
Mākua Kea‘au, Mākua, Ulu Wehi, Wai‘anae, and Wai‘anae Kai.128  
     The 31,000 residents of this community are cited as primarily “multi-racial, other Pacific 
Islander, Hawaiian and more than 50% are reported as part- Hawaiian.”129 This is the highest 
concentration of people identifying with Hawaiian ancestry on O‘ahu. The family structure is 
multi-generational as indicated by the relatively low number of people over the age of 65 living 
                                                 
125. City and County of Honolulu, City Demonstration Agency, Model Cities Comprehensive Program, 43-47.   
126. City and County of Honolulu, City Demonstration Agency, Model Cities Comprehensive Program, 42.   
127. City and County of Honolulu, City Demonstration Agency, Model Cities Comprehensive Program, 51.   
128.  University of Hawai‘i Center on the Family, “Wai‘anae Area Community Profile,”  College of Tropical 
Agriculture and Human Resources, University of Hawai‘i, 2003, http://uhfamily.hawaii.edu/    
publications/43Profiles/Oahu/Waianae.pdf (accessed March 17, 2008), 2. 
129.  University of Hawai‘i Center on the Family, “Wai‘anae Area Community Profile,” 2-3.   
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alone and the 32.5% of grandparents indicating that they are “responsible for the care of 
grandchildren with whom they live.”130  
The Wai‘anae area ranks poorly on many measures of child and family well being, 
including unemployment, per capita income, children in poverty, child abuse rates and 
school safety.  In a Statewide student survey, more than 60% of the adolescents 
responding in this community reported neighborhood fights, graffiti, drugs and crime.  
There are high levels of disability and unmet health needs. 131 
 
     Housing costs are lower in Wai‘anae than the remainder of O‘ahu, although, no housing on 
the island seems to fall into a reasonably “affordable” range.  The costs of living and housing 
impose a continued strain on families trying to provide for their children.  This could be 
attributed to a web of reasons, one clearly being that the island is dependent on imported goods 
and fuel from a global economy in order to sustain the population, which requires substantial 
transportation costs.  The island currently imports over 92% of its fuel. “Hawai‘i has more 
renewable energy - wind, solar and geo-thermal - than any of the 50 states, but Hawaiians are 
largely unconcerned with environmental issues.”132  90% of the food supply on-island depends on 
a high embodied energy transportation network connected to off-island sources supporting the 
state’s population of 1,280,000.133  Additional economic challenges are attributed to the presence 
of foreign investors with profits benefiting other communities or non-resident individuals.   
     Housing in the Wai‘anae area is a challenge as the majority of the community is supported by 
service sector jobs while 1990s statistics indicate 25% of the population supported by welfare 
from Makakilo up the Wai‘anae Coast.134  Comprehensive census data comparing both the 
Wai‘anae area and the overall island housing and income statistics is available from 2000.  
According to the 2000 US Census Bureau statistics, the median home value in the Wai‘anae area 
                                                 
130.  University of Hawai‘i Center on the Family, “Wai‘anae Area Community Profile,” 5. 
131.  University of Hawai‘i Center on the Family, “Wai‘anae Area Community Profile,” 2. 
132.  Madeleine Brand, “Resource-Rich Hawaii Depends On Fossil Fuel,” National Public Radio, May 29,  
2007, http://www.npr.org/templates/story/story.php?storyId=10512492 (accessed December 5, 2008). 
133. Madeleine Brand, “Resource-Rich Hawaii Depends On Fossil Fuel.” and United States Census Bureau, “State and 
County Quick Facts,” United States of America Department of Commerce, Suitland, Maryland: US Census Bureau, 
http://quickfacts.census.gov/qfd/states/ 15000.html (accessed January 2008). 
134. “Report One: Project Antecedents,” http://www.wmich.edu/evalctr/pubs/consuelo/SpiritOfConsuelo 
EvalReport1.pdf (accessed November 4, 2008), 12. 
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is $160,800 with an average family income of $48,145 to be compared with the Hawai‘i state 
average of $272,700 with a median family income of $56,961.135  This gap between income and 
cost of housing has continued to split exponentially.  The average cost of a single family home 
on O‘ahu plateaued at $635,000 in 2008, certainly out of reach for minimum wage earners.136  
The consequence is a pressing issue of homelessness.  A 2003 survey indicated 25% of the state’s 
homeless are employed, meaning they have jobs but cannot afford any housing.137 
     The Wai‘anae area has become one of the few places on the island where land is available for 
traditional subsistence and agricultural practices such as gathering, fishing, and taro farming as 
much of the island becomes urbanized and suburbanized with sprawling bedroom communities.  
Accessibility of this land to the practitioners of traditional ways has been a struggle and 
continues to be contentious, although state and federal agencies are beginning to recognize the 
                                                 
135. Wai‘anae Community Initiating Group, Wai‘anae Community Empowerment Zone Strategic Plan,  Wai‘anae, 
Hawai‘i, September 4, 1998, http://hawaii.gov/dbedt/op/projects/leeward_coast_initiative/    
waianae_empowerment_zone_ strategic_plan.pdf (accessed 2008).  
United States Census Bureau, “State and County Quick Facts,” United States of America Department of Commerce, 
Suitland, Maryland: US Census Bureau,  http://quickfacts.census.gov/qfd/states/15000.html (accessed January 2008). 
136.  Nina Wu, “O‘ahu Home Sales Decline, Although Prices are Holding,” Starbulletin.com (September 3,  
2008), http://archives.starbulletin.com/2008/09/03/news/story01.html (accessed November 4, 2008). 
137. Crystal Kua and Anthony Sommer, “Homeless in Paradise; The ‘Rousting’ of People  
Living in Parks is on the Rise in All Four Counties.”  Star Bulletin.com (December 7, 2003)      
http://starbulletin.com/2003/12/07/news/story1.html (accessed November 29, 2008). 
 
        
Sign identifying the ahupua‘a as the visitor approaches Ka‘ala Farms site and ahupua‘a model built by students at 
Hoa ‘Āina O Mākaha. 
Image source: author 
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significance of enabling these community practices as residents raise their voices through legal 
channels citing the State Constitution.  More than a matter of allowing native practices, but also 
one of enabling them by restoring, preserving, and conserving land as well as restoring diverted 
waterways.  An intact, comprehensive and healthy ecosystem is required for sustaining the 
resources used to support the community. 
      Traditional land management practices seem to have recently received more recognition or 
awareness. The State GIS database contains an ahupua‘a boundary layer and school curricula 
teach ahupua‘a concepts.   However, land management and planning is still segmented across 
various government agencies as land owners have individual stakes in property development.  
Ahupua‘a sections are treated much the way a “watershed” is viewed.  Land management and 
planning are discussed further in Chapter 2.  Reviewing the conflict over resources 
demonstrates the difficulties of navigating land and resource rights.  One of the most 
contentious issues continues to be over the resource most essential to sustaining life activities – 
water. 
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     Water rights issues escalate as population increases and water demands continue to rise 
while environmental degradation decreases the supply of clean available abundant water.  A 
dispute between upstream water use effecting downstream supply, arose in the Hawai‘i Supreme 
Court case between the State and McBryde and McBryde and Gay Robinson in 1973.  The 
ruling in this case stated that the “…ownership of water in natural watercourses, streams and 
rivers remained in the people of Hawai‘i for their common good” and that “the owners of land, 
having either or both riparian or appurtenant water rights, have the right to the use of the 
water, but no property in the water itself.”138  The decision also stated that water could not be 
transported to another watershed by either land owner.  As George Cooper summarized in his 
1978 paper on the history of water rights: 
The Supreme Court in its approximately 50 water rights decisions prior to McBryde in 
1973 has a rather perfect record of developing the law in ways conducive to sugar’s 
needs. The Court declared that surplus water went with the ahupuaas and ilis kuponos 
[sections of land] on which the waters originated making it possible for the industry to 
privately control most surface water sources; the Court said a water right gave the 
holder the power to divert the water to wherever he chose,…making the stealing of a 
water right legal if you get away with it long enough; and early case references to 
riparian rights were in time weeded out or forgotten, and in any case never allowed to 
mature into a full-blown riparian system. Such a system, with its requirement that no 
one may divert outside the watershed nor take more water than would substantially 
diminish the natural flow of the stream, was anathema to sugar.139 
 
The Supreme Court case between Reppun v. Board of Water Supply kept true to the intent of 
the previous decision, but in this case, ground water, rather than surface water, was the source 
of dispute.  Reppun included a group of lo‘i farmers who were unable to grow taro due to a 
series of upland tunnels drilled and pumped by the Board of Water Supply, which diverted 
water from the Waihee Valley to feed the leeward municipal water supply.  The decision in this 
case, showed acknowledgement that the surface and ground water systems are interrelated and 
that the Board of Water Supply was “subject to limitations insofar as such diversions directly 
                                                 
138. Wilcox, 35-36. 
139. Wilcox, 33. 
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interfere with plaintiffs’ riparian rights.” 140  Rather than ruling in favor of the larger population 
hub, the ruling ruled in favor of water use rights and right to indigenous land practices as stated 
in the State Constitution.   
     In response to the challenges in the Wai‘anae district, the community has come together in 
considerable ways to organize and articulate their goals as well as to devise strategies for 
implementation.  The 1998 “Wai‘anae Community Empowerment Zone Strategic Plan” 
expresses the strategic vision for change as:  
We need to look back in time and place and imagine Waianae, as it was when the mullet 
first grew large.  The natural resources have diminished but they are not completely.  
The human resources are aging but it is not too late to preserve their wisdom.  The 
energy that first drew Hawaiians to Waianae is still here but needs to flow positively.  
These resources are a starting point for our vision.141   
 
Economic opportunity is addressed in terms of “sustainability community development” which 
is defined as “comprehensive physical and human development strategies, commitment to 
families and learning, environmentally friendly.”142  The issues addressed by the Wai‘anae Coast 
Coalition are indicated by the list of the Task Forces generated by the community in 1998 
including: 
- Economic Development 
- Educational Opportunities (later expanded to Education and Employment) 
- Self-Reliance/Self-Sufficiency 
- Environmental Quality 
- Cultural/Historic Preservation and Perpetuation 
- Housing Opportunities 
- Self Governance/Determination 143 
 
This listing is strikingly similar, although more developed, to the listing of issues attempted to 
be addressed by the Model Cities Program in 1967. These ongoing issues signal repercussions 
stemming from the loss of culture, which is tied to the loss of land and the inextricable links of 
lifestyle and values. 
                                                 
140. Wilcox, 37. 
141. Wai‘anae Community Initiating Group, Wai‘anae Community Empowerment Zone Strategic Plan, 10.   
142. Wai‘anae Community Initiating Group, Wai‘anae Community Empowerment Zone Strategic Plan, 9.   
143.  Wai‘anae Community Initiating Group, Wai‘anae Community Empowerment Zone Strategic Plan, 14. 
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Chapter Conclusion 
     Challenges in the Wai‘anae district continue to mount as economic and population pressures 
strain housing, water, transportation, and land resources.  Just as global populations increase, as 
local island population increases, it can be inferred that these pressures will continue to rise.  
Coping with the burden of poverty continues to be evident in forms of resignation, apathy, 
addiction, and violence.  A long list of non-profits and community activists are present in the 
community, providing alternatives and guidance to willing community members.  Agencies 
which focus on establishing individual and community identity, acknowledging diversity, and 
providing alternative living models through a cultural approach such as Ka‘ala Farm, Inc., stand 
as a “cultural kipuka” among the strife.  This term is defined as:      
Botanists who study the natural rainforest in the area of active Kilauea volcano have 
observed that lava flows which destroy and cover up large areas of forest lands, leave 
little oases of native trees and plants in the wake which are called kipuka. From these 
natural kipuka come seeds and spores for the eventual regeneration of the native flora 
upon the fresh lava. For contemporary Hawaiians, the traditional Hawaiian rural 
communities are cultural kipuka from which Hawaiian culture can be regenerated and 
revitalized in the contemporary setting…144 
 
The Wai‘anae District has been identified through the State of Hawai‘i House Concurrent 
Resolution No. 44 2006 Twenty-Third Legislature as a cultural kipuka. 145 The Resolution is for 
Urging Cultural Perpetuation in Rural Hawaiian Communities.  It recognizes:  
…if these last remaining Hawaiian enclaves do not survive with the resources that make 
subsistence economic activities in these areas viable, then, over the next century, Ka 
Po‘e Hawai‘i, as a distinct people, will gradually disappear; and although they may 
continue to live and reproduce as ethnic Hawaiians, they will eventually lose the 
language, culture, religion, land base, and livelihoods that distinguish them as the 
original settlers of these islands and would be completely assimilated into the 
mainstream of Hawai‘i society…146 
                                                 
144.  Jon Matsuoka, Davianna McGregor and Luciano Minerbi, ed., “Native Hawaiian and Local Cultural  
Assessment Project, Phase 1, Problems/Assets Identification,” Cultural Action Network for Developing  
Options and Hawaii Environmental Risk Ranking Project (Honolulu: University of Hawai‘i at Mānoa,  
June 1993), 23. 
145. State of Hawai‘i House of Representatives, House Concurrent Resolution Number 44 Urging Cultural   
Perpetuation in Rural Hawaiian Communities,  Twenty-third Legislature, 2006, http://www.capitol. 
hawaii.gov/session2006/Bills/HCR44_.htm (accessed October 15, 2008). 
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This public and institutional recognition of the value of marginalized Hawaiian people and 
culture is a start in efforts to allow and assist the regeneration of this culture and way of life in a 
time when there is a universal need for models of alternative ways of living to help us find 
balance with the resources of the earth and community with each other.  The community needs 
to have continued conversation about desired outcomes for current and future generations.  
Community capacity building steps are evident in efforts such as the “Wai‘anae Community 
Empowerment Zone Strategic Plan.”  Goals for transformation should also include the leadership 
position of the community, identification of community resources and shortfalls, and clearly 
stated tangible benchmarks or goals with a timeline within the community’s means of 
implementation.  These strategies can be implemented within the cultural context and 
community values.  Theories of community capacity building relate the need for internal 
 
      Lava field kipuka on the Big Island 
                                                                                                                               Image source: author 
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participation in order to build community identity and empowerment.  A strong network of 
community services exists in Wai‘anae, working together to recover a culture and to re-
establish a healthy community.  
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CHAPTER 2 
KA‘ALA FARM, INC. 
Image source: author 
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CHAPTER 2 
KA‘ALA FARM, INC. 
 
Overview 
     
     Chapter 2 describes two major components of Ka‘ala Farm, Inc.: 1) the organization and 2) 
the physical site of operations.  The organization is introduced according to the non-profit’s 
mission, history, management and programs.  There are two main operating sites for the 
organization, one is the makai office and the second is the mauka area.  The mauka area is divided 
into two properties, the property owned by Ka‘ala Farm, Inc. and the Department of Hawaiian 
Homeland Lands property where the Cultural Learning Center is located.  These properties are 
further described in regards to property boundaries, land use designations, facilities, and 
physical natural aspects of the land.     
 
 
Figure 2.1 
Mauka and makai sites for Ka‘ala Farm, Inc. 
Image source: Google Earth aerial with photoshop by author 
Makai Site 
Mauka Site 
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The Organization 
Ka‘ala Farm, Inc. Mission 
 
“To reclaim and preserve the living culture of the po‘e kahiko (people of old) in order to strengthen the 
kinship relationships between the ‘aina (land, that which nourishes) and all forms of life necessary to 
sustain the balance of life on these vulnerable islands.”   
- Per the Ka‘ala Farm, Inc. “2006 – 2008 Strategic Plan; Organizational Description”   
 
     The mission of Ka‘ala Farm, Inc. aligns with the major tenants of sustainable development 
and includes strong cultural and educational components in addition to equity, environmental, 
and economic concerns.  Ka‘ala Farm, Inc. strives to be an inclusive organization, open to 
providing guidance and learning opportunities in cultural practices tied to the land and ocean 
ways of living and responsible resource management.  Staff members have expressed the desire 
to serve as a global learning center, welcoming people from all places.  With this global 
awareness, there is a clear focus on serving the needs of the local community to improve the 
quality of life for residents of the Wai‘anae ahupua‘a.  Ka‘ala Farm, Inc. has access to properties 
both in the mauka and makai regions of the Wai‘anae Valley, affording them the ability to 
demonstrate and teach traditional practices modified with contemporary applications in both of 
these settings.  Appropriately, the Pōka‘ī Bay area in Wai‘anae has been used as a place of 
education since pre-contact times.147  Exiled kahunas skilled as astrologers, or kilokilo Hoku,  
…founded a school at Pokai bay for instructing the youth of both sexes in history, 
astronomy, navigation, and the genealogies of their ancient chiefs and kings; romance 
and sentiment hovers round Mount Ka‘ala (the mount of Fragrance), and three valleys 
extending from its western base to the Waianae shore...148 
 
The staff of Ka‘ala Farm, Inc. understands the importance of bringing their mission into the 
community.  A local educator who recognizes the significance of the Ka‘ala Farm, Inc. resources 
expressed the need for bringing the farming methods taught at the farm site literally into the 
community schools, to enable students to practice what they learn off-site in their daily lives in 
                                                 
147.  Jan Becket, Pana O’ahu: Sacred Stones, Sacred Land (Honolulu: University of Hawaii Press, 1999), 60. 
148. Sterling, 68.   
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courtyard gardens at school and backyard gardens at home. This distribution of contributions to 
the food supply at a local level and household community scale are comparable to World War II 
Victory Gardens.149   In this case these plots serve to reduce economic strain on households as 
well as reduce the embodied energy, carbon footprint and monetary cost required to import 
food. 
     Food sovereignty is a focus of concern for the Wai‘anae community and Ka‘ala Farm, Inc. 
The term food sovereignty was first seen in the 1960s but came visible as part of public debate 
during the 1996 World Food Summit.  Food sovereignty is defined by the world organization 
La Via Campesina as: 
• prioritizing local agricultural production in order to feed the people, access of 
peasants and landless people to land, water, seeds, and credit. Hence the need for 
land reforms, for fighting against GMOs (Genetically Modified Organisms), for free 
access to seeds, and for safeguarding water as a public good to be sustainably 
distributed.  
• the right of farmers, peasants to produce food and the right of consumers to be able 
to decide what they consume, and how and by whom it is produced.   
• the right of Countries to protect themselves from too low priced agricultural and 
food imports.   
• agricultural prices linked to production costs : they can be achieved if the Countries 
or Unions of States are entitled to impose taxes on excessively cheap imports, if 
they commit themselves in favour of a sustainable farm production, and if they 
control production on the inner market so as to avoid structural surpluses.    
• the populations taking part in the agricultural policy choices.    
• the recognition of women farmers’ rights, who play a major role in agricultural 
production and in food.150 
 
A major concept of the movement is to allow and facilitate family-sized farming.  The sizeable 
Cultural Learning Center agricultural property allows the farm to potentially make a 
contribution to the community food supply.  Ka‘ala Farm, Inc. has a very developed program 
plan with a timeline of goals in annual  intervals for 3 years for improving community food 
security.  The Ka‘ala property offers the opportunity to teach backyard farming techniques or to 
                                                 
149. Ma‘ili Elementary School Administrator (anonymous), interview with the author, Ma‘ili Elementary School, 
March 20, 2008. 
150. La Via Campesina, “Organization: The International Peasant’s Voice,” http://www.viacampesina.org/ 
main_en/index.php?option =com_content&task=blogcategory&id=27&Itemid=44  (accessed November 4 2008). 
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possibly offer community garden plots, like those of Community Supported Agriculture (CSA).  
The importance of food sovereignty is reflected in the programs of Ka‘ala Farm, Inc. and future 
desires expressed by the staff of Ka‘ala Farm, Inc.: 
‘Before the ocean was our icebox, our farm, our energy.  Today the ocean is where we 
dump waste…How do we bring back all those skills that make a thriving community?  
In the last 150 years, we’ve taken all those skills out of education.  The skills are still in 
our collective memory bank,’ Ka‘ala Farm founder Eric Enos says.  ‘All over the world, 
pockets of people have said, ‘Enough is enough.’  We have to get back to what’s 
important.  And that is our children, our families, our communities – how do we keep 
them safe and healthy?’ 151 
 
Within the context of the Wai‘anae District, Ka‘ala Farm, Inc. and the Hawaiian community, 
food sovereignty represents far more than sustainable living. Food sovereignty represents a 
self-sufficiency and return to indigenous ways of enabling subsistence life.  This independence 
can be seen as cultural and community empowerment as well as physical restoration through 
connecting with ancestral lands, so crucial to the daily lives of past peoples.  This return to 
connecting with the land can be seen as a cultural healing as well as literal healing.  The active 
working of the land and nourishment through fresh taro, vegetables, fish and non-processed 
foods offers an alternative to the dominant culture of cheap fast food.  The recent rise of 
movements such as the non-profit “Slow Food” embodies this philosophy of producing good, 
clean, fair foods acknowledging that food connects our communities, values, bodies and land.152  
This movement is evidence that other communities are recognizing the intrinsic relationships 
with the land.  This indicates that communities are also coming to terms with conflicting 
cultural values and desire alternative ways to live with differing values within the dominant 
culture.    
                                                 
151. Catherine Lo, “Within Reach: For Ka‘ala Farm’s Eric Enos and Friends, the Key to Sustainability is in Our 
Hands,”  Honolulu Weekly (December 6, 2006) http://honoluluweekly.com/cover/2006/12/  
within-reach/ (accessed Dec 20, 2007), 4.  
152. Slow Food, “Our Philosophy,” SlowFood.com, http://www.slowfood.com/about_us/eng/ philosophy.lasso 
(accessed October 20, 2008).  
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Ka‘ala Farm, Inc. History 
     “Ka‘ala Farms has, for over 30 years, been a project to recover this heritage and bring back 
the water, the kalo, and the mana to the people of Wai‘anae Valley, Wai‘anae moku, O‘ahu and all 
of Hawai‘i.”153 The organization came about as a product of the Model Cities program 
implemented in the Wai‘anae community.154  Key members of the community, who later became 
the founders of Ka‘ala Farm, Inc. were participating in Model Cities organizations such as the 
office for Legal Aid, the Mental Health Center, and the Wai‘anae Rap center.  When the Model 
Cities program ended in 1974, the organizations and coalitions formed within the community 
continued.  For example, Eric Enos began as a young leader at the Wai‘anae Rap Center, where 
he worked after graduating from college, and came to be the Co-Founder and Executive 
Director of Ka‘ala Farm, Inc. 
     The Wai‘anae Rap Center rehabilitation center used re-connecting with the land through 
labor as a means of recovery for wayward youth.   The primary area for activities was the lower 
area of Ka‘ala, which was referred to as the “Boy scout 
Camp” or “Camp Ka‘ala” as early as the 1930s.  
Overgrown in areas and grazed thin in others, the 
Wai‘anae Valley was being leased by the State to 
ranchers throughout the 1960s and 1970s. 155  It is 
during his time at the Wai‘anae Rap Center that Eric 
Enos was leading groups hiking through the Wai‘anae 
Valley area, where they rediscovered overgrown 
                                                 
153. Kamuela Enos, Nancy McPherson, Anne Smoke, Kyun In Yi, and Brandon Yockel, “Ka‘ala Farm, Inc.; Research 
for Community-based Planning and Capacity Building, (University of Hawai‘i at Manoa: Department of Urban and 
Regional Planning, May 2006), 1.   
154.  Puanani Burgess, Co-Founder, Executive Director of Wai‘anae Coast Community Alternative  Development 
Corporation, interview by author and Kilikina Mahi, Honolulu Community Action Program HCAP office, July 18, 
2008. 
155.  Eric Enos, Co-Founder and Executive Director of Ka‘ala Farm, Inc., interview by author and Kilikina Mahi, 
Ka‘ala Farm, Inc. makai office, July 18, 2008. 
 
Camp Wai‘anae property at the base of  
Ka‘ala Farms 
Image source: author 
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terraces in the valley, confirmed to be lo‘i terraces by representatives from the Bishop Museum.  
(Additional terrace footprints are roughly identifiable today in satellite images from sources 
such as Google Earth.)  The director of the youth program also happened to be a member on the 
Land Board, which proved to be a beneficial relationship in advocating for land rights and water 
restoration.  This became the start of restoration work and reclamation of traditional lands.  
Discovery of the lo‘i indicated that there had once been ample water flow in the dry region, 
leading to further investigation regarding past diversion of natural waterways for sugar crop 
growth.  This prompted the search for former water sources and instigated the restoration of 
water to the Wai‘anae Valley moku.  It was 1978 when Eric and the group restoring the lo‘i were 
confronted by agents from the State for using water from pipes on State land.156  The peaceful 
resolution ended in acknowledgement that no entity could claim to own water, only the 
infrastructure of conveyance and that it was right to have access to these resources to restore 
the lo‘i.  
     Ka‘ala Farm, Inc. was transformed from an idea to an entity in the 70s when the founding 
group decided to incorporate and began listing the names of the active community members to 
form the Ka‘ala Farms board.  In the 1980’s Ka‘ala Farm, Inc. procured a bulldozer, and began 
clearing and restoring the lo‘i more effectively.  In restoring the lo‘i, environmental challenges 
were faced because of feral animals upstream from the water source and the possibility of 
leptosporosis.  In addition to this restoration work, a hale (hawaiian house) was built on the 
property as well with a grant from the Administration for Native Americans (ANA).  There was 
a series of challenges in attempting to build a traditional hale, such as there was not enough pili 
grass on site for the thatching.157  Restoring the patchwork knowledge of the past traces back to 
a larger topic of the relationship between people and the land, which is central to Ka‘ala Farm, 
                                                 
156.  Kilikina Mahi, volunteer workday oral presentation, at Ka‘ala Farms mauka site, Wai‘anae, Hawai‘i,  
September 6, 2008. 
157. Billie Hauge, Ka‘ala Farm, Inc. Founding Board Member, interview with author and Kilikina Mahi,  
Hauge Residence, February 8, 2008. 
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Inc. community programs.  Continuing native practices perpetuates the collective memory of 
the culture and community across time and place, both preserving practices and connecting 
its members.     
     More than just a reference to a place, the Native Hawaiian relationship to the land is 
connected to a sense of wellbeing, physically and spiritually.  Places on the earth are 
designated as sacred and emanate a sacred power, “the designation wahi pana means much 
more than just a sacred geographical spot.”158  In addition to acknowledgement of these 
special places by recognizing physical configurations of the land, buildings, or markers, it is 
important to understand the human impact of valuing place.  The cultural values tied to the 
land in Native Hawaiian culture are inseparable from the human experience.  The affinity 
between land and human is present in numerous cultures around the globe.  E. O. Wilson 
terms the link of an inherent affinity for nature within all human beings as the “Biophilia 
Hypothesis,” which is one of many theories and attempts to understand and name this 
connection.  It is argued in the article “A Holistic Assessment Method of Health and Well-Being 
for Native Hawaiian Communities” that “Hawaiian communities are particularly vulnerable to 
changing economic and environmental conditions because the integrity of the traditional 
Hawaiian culture is tied directly to the quality of, and access to, natural resources.”159 This is 
an example where land practices directly affect the very being of the people occupying the 
land.  In the case of native Hawaiians, the “Hawai‘i State Constitution and the Hawai‘i Revised 
Statutes (HRS) affirm the state’s obligation to protect ahupua‘a tenants’ rights.  These rights 
                                                 
158. Edward Kanahele, A Guide to Hawaiian Archaeological Places of Interest (Honolulu: Bishop Museum 
Press.1991), ix.  
159. Jon Matsuoka, Davianna McGregor and Luciano Minerbi, “A Holistic Assessment Method of Health and Well-
Being for Native Hawaiian Communities,” Pacific Heath Dialog Vol. 5 No. 2 (New Zealand: Resource Books,1998): 
361-369. 
   
88 
address a limited number of gatherings, the right to water use, and the right of access.”160 
Diversified harvesting, farming, hunting, and fishing practices are directly related to land access 
and land ownership.  This recognition, although indicated incomplete, is at the very least, a 
start to allowing or facilitating the right for Hawaiians to practice their traditional cultural 
values, to include ahupua‘a management practices.   
     The ‘Ōpelu  project (mackerel scad) began as a program of Hale Ola O Ho‘opakolea, an 
organization which provided mental health counseling and training.161   The project came under 
Ka‘ala Farm, Inc. after formation of the new non-profit.  Sweet potato and bread from Love’s 
bakery were used to attract the fish.  
Vegetable matter was used in order to 
avoid attracting predators, and in 
conjunction with masterful net tying 
and placing, the fish could essentially be 
trained to enter the nets. By 
demonstrating and restoring the 
traditional net fishing methods to the 
community and teaching the children 
that these traditional ways actually 
work, was important to the credibility of Ka‘ala Farm, Inc. within the community.162  In 
partnership, the Waianae Coast Community Alternative Development Corporation (WCCADC, 
which began with a grant from the West Beach Estate) became involved with the backyard 
                                                 
160.  Luciano Minerbi, “Indigenous Management Models and Protection of the Ahupua‘a,” Social Process in Hawai‘i, 
vol. 39 (1999): 221. 
161. Luciano Minerbi, “Sanctuaries, Place of Refuge and Indigenous Knowledge in Hawai‘i,” Science of Pacific Island 
Peoples Land Use and Agriculture.  vol 2.  (University of the South Pacific: Institute of Pacific Studies, 1994) 
http://books.google.com/books?id=MRg48FzlRdkC&dq=opelu+project&pg 
=PA127&lpg=PA127&sig=ACfU3U0cM3tncCgWp0VXtUuKnqqoXWIyLg&q=opleu&hl=   en#PPA2,M1 (accessed 
Nov 9, 2008), 122. 
162.  Alan Murakami, Native Hawaiian Legal Corporation, interview by author and Kilikina Mahi, Native Hawaiian 
Legal Corporation Office, February 13, 2008.     
 
Backyard aquaculture fish tanks 
Image source: author 
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aquaculture project in 1988, which is still ongoing through Ka‘ala Farm, Inc.163  This fish 
farming project offers an immediate resource for families, recognized by the instant benefits of 
having a fresh and safe fish supply to eat and sell.  
     As O‘ahu became more developed, a large percentage of the Native Hawaiian population 
continued to move westward and those who had practiced agriculture on the southeastern side 
of the island were relocated by development.  For example, the pig farms in the area of Kahala 
and Hawai‘i Kai were pushed westward in the 1940s and 50s. Subsistence self-sufficient methods 
of living, such as the ‘ōpelu project, were an important supplement to the income of the 
primarily low to moderate income Wai‘anae families.  Fishing, ‘opihi (limpets) and limu 
(underwater plants) gathering were important uses of the coastal waters. 164  Considering the 
particularly high cost of living in Hawai‘i, subsistence supplementation offers immediate 
economic benefits.  However, as discussed in “Moloka‘i: A Study of Hawaiian Subsistence and 
Community Sustainability,” subsistence practices are a method of cultural preservation as well 
as a means of communicating collective knowledge.  This is in contrast to dominant model 
where “media is really the instrument by which knowledge is passed in our society, we no 
longer get knowledge directly from the earth, we are no longer in touch with the sources of our 
survival.  We are no longer, for the most part in …industrial society,…growing our own food 
or taking care of our sustenance or learning directly from our own experience or having our 
family be the root of our choices.”165  Subsistence between generations requires an ability to 
educate and manage resources across the geography of a place but also across time.  The 
practice of subsistence also helps maintain the integrity of a culture by providing a means of 
                                                 
163.  Minerbi, “Sanctuaries, Place of Refuge and Indigenous Knowledge in Hawai‘i,” 123.  
164.  Murakami, Native Hawaiian Legal Corporation. 
165.  Jerry Mander, The 11th Hour: Turn Mankind’s Darkest Hour into its Finest, prod. Leonardo  
DiCaprio, DVD (Warner Independent Pictures: Appian Way/ Green Hour/Tree Media Group, 2008). 
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existence when other economic means are not sufficient.166  Subsistence living is a system which 
can provide a measure of social equity, reducing the disparity of need, providing an 
independence with self sufficiency and offering an alternative to participating  in a system not 
conducive to community needs.     
     This idea of the Leeward Coast as a refuge was challenged by the West Beach development 
of the Ko‘olina resort master planned community.   Resident voices and concern of the threat to 
the local lifestyle were recorded in a video entitled “Wai‘anae Through the Eyes of Her People.” 
West Beach Estates filed a petition with the State Land Use Commission to amend the land use 
zoning from an agricultural to urban district for 642 acres of land in 1983 to align with their 
development goals for the $71million construction project.  In 1984 a petition to intervene was 
filed by Angel Pilago, Eric Enos, Liwai Kaawa, David K. Cullen, Na Opio Aloha ‘Aina, and the 
Wai‘anae Land Use Concerns Committee.167  The area was originally designated as Agricultural 
Land Use by the State.  The County Development Plan for the Ewa area had the site 
characterized as the West Beach Special Area designating the area as part of the West Beach-
Makakilo Secondary Urban Center.  The General Plan allowed resort community development 
and at the end of the dispute, it was determined that changing the area land use designation to 
an Urban District was within the law.168  Defense of the project cited the jobs which would be 
created by the resort and the relief the project would provide for burgeoning Waikiki.  The 
project caused consternation and protests within the community.  It raises the questions as to 
whether or not the General Plan or West Beach resort plan had conducted design work in any 
participatory manner with the community.  In hindsight, the general reaction is that the resort 
                                                 
166.  Jon Matsuoka, Davianna Pomaika‘i McGregor, and Luciano Minerbi, “Molokai: A Study of Hawaiian 
Subsistence and Community Sustainability,” Sustainable Community Development (Boca Raton, Florida: CRC Press, 
1998), 25. 
167.  State of Hawai‘i Land Use Commission, “In the Matter of the Petition of West Beach Estates: Findings of Fact, 
Conclusion of Law and Decision and Order,” Docket No. A83-562, West Beach Estates  
(September 12, 1985) http://luc.state.hi.us/canchonolulu/a83-562westbeach.pdf (accessed 2 September, 2008), 2.   
168.  State of Hawai‘i Land Use Commission, “In the Matter of the Petition of West Beach Estates: Findings of Fact, 
Conclusion of Law and Decision and Order,” 13.   
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development did not do as much as was promised or hoped in order to boost the wellbeing of 
the local community through employment and tourism.  The West Beach protest was pivotal to 
Ka‘ala Farm, Inc.’s role in the community not just as a non-profit working to serve the 
community but as activists and as a representative voice for the greater Wai‘anae community.  
They have been equally as active with Native Hawaiian rights for use of the land and 
restoration of water resources.  
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Ka‘ala Farm, Inc. Management 
     The Ka‘ala Farm, Inc. Co-Founder and current Executive Director is Eric Enos.  The staff 
consists of 9 members including a native plant specialist, cultural instructors, kapa specialist, 
curriculum coordinator, and learning center manager.  Funding for Ka‘ala Farm, Inc. comes 
through a diverse number of grants and donors, making it necessary to spend dedicated time to 
grant writing and soliciting for support.  Some programs of the non-profit are funded 
independently.  For example, the Kosasa Family fund made a contribution in 2007 for facility 
improvement of the site access road and for re-thatching the Hale Na‘auao.169  Funding through 
the Administration for Native Americans helped to create a partnership between Ka‘ala Farm, 
Inc. and Ma‘ili Elementary School in 2005.170  The organization strives for a more stable self-
generating economic strategy.  They are currently funded more or less on a per program, per 
project, or per event basis.  As a resource in demand and one that offers breadth to the 
community, Ka‘ala Farm, Inc. provides services to the community in need, at times without 
compensation.  A list of vital community partnerships with businesses, government agencies, 
educational institutions and organizations include: 
• Queen Liliuokalani Children’s Center 
• U.S. Army Environmental Division 
• Department of Hawaiian Homelands 
• Wai‘anae Coast Comprehensive Health Center 
• Leeward Community College 
• University of Hawai‘i West O‘ahu  
• Wai‘anae High School 
• Ma‘ili Elementary School 
• Hoa ‘Āina O Mākaha  
• The Nature Conservancy 
• Hawaiian Electric Company 
• Board of Water Supply 
• Mālama Nānākuli Ahupua‘a 
                                                 
169. Eric Enos and Kilikina Mahi, “Renewal of License Agreement No 475, Ka‘ala Farm, Inc., TMK No. (1) 8-5-05:36 
Wai‘anae, O‘ahu,”  Letter to Micha Kane, Department of Hawaiian Homelands, Director,   
Wai‘anae, Hawaii, December 13, 2007, 2. 
170. Eric Enos and Kilikina Mahi, “Renewal of License Agreement No 475, Ka‘ala Farm, Inc., TMK No. (1) 8-5-05:36 
Wai‘anae, O‘ahu,” 1. 
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• Nānākuli Complex of Schools 
• Nānāikapono School and Community Museum 
• ALU LIKE, Inc. 
• Lyman Ranch 
• Department of Land and Natural Resources 
• Nānāikapono Hawaiian Civic Club 
• Mālama Learning Center  
• KS Community Learning Center at Nānākuli171 
 
This listing indicates the breadth of relationships Ka‘ala Farm, Inc. has with the local 
community as well as indicates what other resources are functioning in the community.   There 
is strength in having a wide network of institutions, agencies, and groups with overlapping 
interests and values.  As a coalition, groups can better serve a range of diverse needs and build 
the capacity of the community to address diverse social needs.  
Ka‘ala Farm, Inc. Programs 
The main programs being lead by Ka‘ala Farm, Inc. are in continual development.  The 
breadth and scope of these programs testifies to the ways in which Ka‘ala Farm, Inc. is vital to 
the community.  Education through local school programs is primarily supported through: 
• Pre-K through Intermediate Grade Cultural Learning Center Visits 
• School Partners and other Department Of Education-related initiatives 
• Wai‘anae High School Hawaiian Studies Program 
• Ho‘okipuka Curriculum   
 
The Ho‘okipuka Curriculum is part of “a two-year funding arrangement with the 
Administration for Native Americans… [with a] a full-year, standards-based curriculum that 
integrates community cultural knowledge, practices, and values into a school setting.”172  As 
part of this curriculum, students of the schools as well as community members are able to learn  
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through hands-on experience in the Ka‘ala Cultural Learning Center “classroom” via projects 
such as:   
• Native Habitat Restoration 
• The kapa making project entitled “Preserving a Tradition” 
• The sustainability project entitled “Sustainability: Ancient values, modern world”  
 
Ka‘ala Farm, Inc. expanded their sustainability project beyond school curriculum and hosted the 
October 2006 Sustainability Summit with support from the Hawai‘i Electric Company’s Ka Papa 
O Kakuhihewa Fund and other local, nonprofit partners, schools and institutions. 173  Programs 
with an ongoing outreach to the larger community include:  
• Family Self-Sufficiency and Economic Development programs  
• Resource Management and Land Stewardship efforts 
• Ho‘omau Ke Ola Work Therapy 
• Food Security   
 
While there is overlap in these programs, the education and community outreach programs are 
the functions primarily taking place at the mauka Ka‘ala Farm, Inc. Cultural Learning Center 
site.  Further description of the mauka facilities and location are included in Chapter 2 under the 
“Facilities” subtitle.  Understanding the range of the Cultural Learning Center programs, the 
activities involved, age-group generalities, group sizes and types of visitations made to the site 
inform the master plan program and possible design strategies.  Beyond informing design 
logistics, listing these programs begins to map the intent and direction of Ka‘ala Farm, Inc.  
Clearly, the organization is postured to serve the community through the established education 
institutions while providing an alternative learning experience in addition to the more common 
classroom curriculum.  The focus is community and group centered, reaching beyond informing 
and growing the keiki (children) to also include the broader community of families.  Additional 
programs, which are primarily focused at the makai site, representing the oceanfront functions 
of the contemporary ahupua‘a include:     
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• The canoe project entitled “Koa Canoe: A Community Resource” 
• The ‘Ōpelu Project, the backyard aquaculture project 
 
Developing programs for future sites include the Makaha Valley Cultural Center and Nanakuli.  
Although these programs currently are not focused at the primary mauka site of this study, they 
must be considered in the overall development strategies of the Ka‘ala plan and whether or not 
these functions will remain in existing facilities or evolve into programs with new space and 
facility requirements. 
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The Site 
 
     This section describes the Ka‘ala Farm, Inc. site in terms of property boundaries, land use 
designations, facilities, and physical natural aspects of the land.  The ecological characteristics 
are described according to the climate, land attributes, and water sources.   
Property 
 
          Ka‘ala Farm, Inc. is spread across the Wai‘anae ahupua‘a.  There are three distinct 
properties utilized by Ka‘ala Farm, Inc.  The first is the makai area, owned by the Department of 
Land and Natural Resources (DLNR).  Ka‘ala Farm, Inc. subleases this property through the 
partner non-profit, the Honolulu Community Action Program (HCAP).  The other two sites are 
in the mauka area, which can be reached from Wai‘anae Valley Road.  Through assistance from 
the Trust for Public Land, Ka‘ala Farm, Inc. purchased a 7.5 acre site in 2003 (TMK  8-5-05-07) 
and has a five-year lease with Department of Hawaiian Home Lands (DHHL) for the largest 
97.5 acre site (TMK 8-5-05-36).  The DHHL property is currently being reviewed to extend the 
lease for a twenty-year term.  Property information in this project focuses on the mauka area, 
which is the area being assessed for long term use and is the heart of the Cultural Learning 
Center.  Figure 2.2 shows the TMK maps from the City and County of Honolulu Planning and 
Permitting Office for the Ka‘ala Farm, Inc. mauka properties.   
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Tax Map Key Property Boundaries 
Site Context                                                                                                                  Figure 2.2 
Image source: City and County of Honolulu Department of Planning and Permitting 
DHHL Mauka Property 
Ka‘ala Farm, Inc. Mauka Property 
   
98 
     The DHHL property boundaries are 
questionable when the GIS and TMK data 
is aligned with the aerial image per the City 
and County of Honolulu HOLIS GIS site.  
This could be due to the angle of the 
satellite capturing the image, or a number 
of other reasons according to the City and 
County of Honolulu Planning office.  
Whether or not the boundary is properly 
aligned with the aerial image, it is clear that 
there are conflicts between data shapefiles 
on the State GIS website source: 
http://www.state.hi.us/dbedt/gis/downloa
d.htm.  The only way to truly determine the 
property boundary is to conduct a Global 
Positioning System boundary survey.  It is 
likely that the original survey boundary 
followed the stone wall line.  Because the 
neighboring property is also government 
owned, it is unlikely that there has recently 
been or will be a survey conducted soon, although with the current lease renewal process, 
DHHL should clarify the property boundary.  Therefore, in this document, design work is 
within the cited boundaries, however, the likely property line is indicated with a dashed line 
when relevant.     
 
 
Conflicts between road and street layers from GIS shapefile 
data 
  Question of boundary alignment on the aerial    
  image overlay. 
 
Figure 2.3 
Property boundary discrepancies. 
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Land Use 
          As shown in Figure 2.4, urban areas are focused along the coastline of the Wai‘anae moku, 
which is the primary transportation route.  Road construction along this geographically flat 
path brought ground transportation closer to the harbors, the road serving as an economic 
lifeline, especially in the time of sugar production.  Commercial enterprises developed along this 
linear spine.  This is in contrast to the trails marked on the 1906 Monsarrat map which appear 
to be footpath routes following land contours between spring sources.  These transportation 
routes are evidence of two different cultures, both organized around different types of resources, 
one organized around the transportation of goods and services, the other organized more 
organically according to natural resources.  The valley areas with slopes low enough to farm are 
classified as agricultural land use.  The designation is likely according to soil qualities of the 
area and the suitability for the land to produce profitable crops.  The steep mountain upland is 
labeled as conservation land, likely due to the difficulty of significant farming operations on the 
slopes, the soil conditions, and impracticality (economically and physically) of conducting other 
functions such as residential use.  Fortunately the rugged accessibility of this land has helped to 
protect some species habitats and resources such as water.   
     Both the Ka‘ala Farm, Inc. and DHHL mauka properties are designated AG-2 General 
Agricultural Use as indicated in Figure 2.5.174  This figure illustrates the surrounding land uses 
indicating the rural qualities of the area.  The land just upland of the Cultural Learning Center 
DHHL property is hunting ground.  Hunters frequently access the property, parking on Ka‘ala 
Farm, Inc. property or at the end of Wai‘anae Valley Road near a Board of Water Supply 
station.  The hunted boar provide a significant source of meat while hunting helps manage the 
boar population, which have no natural predators on island and cause destruction in farmer’s 
fields.   
                                                 
174. Enos, Kamuela, Nancy McPherson, Anne Smoke, Kyun In Yi, and Brandon Yockel. “Ka‘ala Farm, Inc.; 
Research for Community-based Planning and Capacity Building,3.  
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Ecological Characterization Study State Land Use Districts 
Site Context                                                                                                                    Figure 2.4 
Image source: State of Hawai‘i Department of Business, Economic Development and Tourism, Hawai‘i 
Coastal Zone Management Program. Waianae Ecological Characterization, text demarcating Ka‘ala Farm, 
Inc. site added by author 
Ka‘ala Farm, Inc. Area 
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     Figures 2.6 and 2.7 focus on property ownership rather than land use.  The terminology 
“Land Stewardship” chosen by the Wai‘anae Ecological Characterization study acknowledges 
the role of owners are caretakers of the land.  Figure 2.6 shows a large portion of the moku 
belonging to the government through the State, City and County of Honolulu, Federal and 
DHHL lands.  This also indicates the level of bureaucracy surrounding the management of these 
lands as each agency has regulations for management and use.  Managing the resources of an 
ahupua‘a is difficult in a system that breaks the land into distinct parcels with separate 
governing agencies.  Figure 2.7 shows further break down of managing agencies.  The State 
property alone is divided among the responsibility internal agencies overseeing: State Lands, 
State Forest Reserve, State Parks and Recreation, and State Natural Areas Reserve.  Rather 
than managing the land as a cohesive connected ecological system, the land appears as a 
shattered mosaic of property divided, designed, and managed according to a gamut of interests.  
The land ownership and stewardship maps do not mirror the ahupua‘a maps, the natural 
resources maps, or even the land classification maps because ownership and property divisions 
are not based on ecological systems.  Property boundaries are arbitrary in the sense that they 
are based on the rights of the individual rather than the needs of the community.  This makes 
the role of designers all the more significant.  In addition to policies and private land owners, it 
is developers, urban designers, architects, landscape architects and engineers who often have a 
part in controlling the footprint of human activity on the land. 
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Image source: State of Hawai‘i Department of Business, Economic Development and Tourism, Hawai‘i 
Coastal Zone Management Program. Waianae Ecological Characterization. text demarcating Ka‘ala Farm, 
Inc. site added by author 
 
Ecological Characterization Study Government Land Ownership 
Site Context                                                                                                                     Figure 2.6 
Ka‘ala Farm, Inc. 
Cultural Learning 
Center property 
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Ecological Characterization Study Land Stewardship 
Site Context                                                                                                                     Figure 2.7 
Image source: State of Hawai‘i Department of Business, Economic Development and Tourism, Hawai‘i 
Coastal Zone Management Program. Waianae Ecological Characterization, text demarcating Ka‘ala Farm, 
Inc. site added by author
Ka‘ala Farm, Inc. Area 
 105 
     The two properties used for the Cultural Learning Center are under the jurisdiction of two 
different government agencies.  The Ka‘ala Farm, Inc. property is privately owned by the 
organization and falls under the rules and regulations of the State and City and County of 
Honolulu.  The Ka‘ala Farm, Inc. Cultural Learning Center main site on the 97 acre parcel is 
being leased from DHHL and falls under the jurisdiction of DHHL and Office of Hawaiian 
Affairs (OHA).  Specific uses and regulations of this property are stated in the DHHL property 
lease.  The jurisdiction of DHHL is more straightforward for individual residents and less clear 
in the case of an organization with a public educational mission.  For example, the Department 
of Health and Sanitation would be concerned with compliance if activities on the property 
involved serving food or water to members of the general public, depending on the quantity of 
visitors.     
     The Ka‘ala Farm, Inc. Cultural Learning Center land area has been used primarily in an 
agricultural capacity since the time of its settlement.  The springs and streams naturally fed lo‘i 
terraces:   
 In the Ka‘ala Cultural Center Learning Center area, Honua stream was diverted out 
onto the adjacent gentle slopes, creating descending lo‘i with earthen /stone walls over 
an area about 100 meters wide.  Just below Ka‘ala along Honua stream, water is 
diverted out into another area of descending lo‘i terraces.  Here terraces faces are long, 
3-4 feet high, well-built stone facings.175   
 
Where water was less accessible, interventions such as ‘auwai were used to channel water where 
needed.  These patterns of descending terraces allows the water to be gravity fed through the 
soil of the earth steps.  Where water was not reasonably accessible, farming strategies were 
altered and dryland taro was also cultivated.  
Along Kumaipo Stream, the drainage is cut somewhat deeper with stream flats within 
the drainage along the stream.  ‘Auwai have been diverted onto these flats and water 
descends down through flat soil areas... Here in at least one place, a house platform 
within a low-walled houseyard is on drier ground along the base of the drainage slopes.  
Adjacent dryland fields on the stream flats are within largish, low-walled rectangular 
                                                 
175. Cordy, 57 
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enclosures, and a possible pigpen (a circular walled depression) was present in one site.  
The family here would have used these dryland areas and adjacent lo‘i. 176 
     The 7.5 acre plot owned by Ka‘ala Farm, Inc. is designated Agriculture (AG-2) land.  
According to the State Land Use department, this area is defined as an: 
Agricultural District 
The Agricultural District includes lands for the cultivation of crops, aquaculture, raising 
livestock, wind energy facility, timber cultivation, agriculture-support activities (i.e., 
mills, employee quarters, etc.) and land with significant potential for agriculture uses. 
Golf courses and golf-related activities may also by included in this district, provided 
the land is not in the highest productivity categories (A or B) of the Land Study 
Bureau’s detailed classification system. 
Uses permitted in the highest productivity agricultural categories are governed by 
statute. Uses in the lower-productivity categories – C, D, E or U - are established by the 
Commission and include those allowed on A or B lands as well as those stated under 
Section 205-4.5, Hawai‘i Revised Statutes. 177 
 
Additionally, potentially relevant to the 7.5 acre Ka‘ala Farm, Inc. owned plot of land:  
In an effort to streamline the decision-making process, the law was amended in 1985 to 
allow applicants for land use changes of 15 acres or less to apply directly to the counties. 
The Commission, therefore, no longer handles such requests except when the lands are 
situated within the Conservation District. 
All amendments approved by the counties are submitted to the State Land Use 
Commission Office in Honolulu for revision of the Official State Land Use District 
Boundaries Maps.178  
 
     There are exceptions to the designated land uses.  There is a “conditional use permit” 
through the City and County of Honolulu and the State has authority over exceptions of land 
use through a “special use permit” (see Appendix A and B).  This could become relevant to the 
Ka‘ala Farm, Inc. property in certain instances such as if the land is used to temporarily house 
people for educational purposes or if farm products are sold on the property.   
                                                 
176. Cordy, 57 
177. State of Hawaii Land Use Commission, “State Land Use Districts,”  State of Hawai‘i: Department of  
Business, Economic Development and Tourism, http://luc.state.hi.us/about.htm#AGRICULTURAL %20DISTRICT 
(accessed March 12, 2008). 
178. State of Hawaii Land Use Commission, “State Land Use Districts.” 
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These functions are not currently allowed on agricultural properties, but a conditional use 
permit can be used to apply for conducting activities such as agribusiness or agricultural 
product processing on site.179 
  SPECIAL USE PERMIT PROCEDURES 
This permitting process allows for “unusual and reasonable” uses within the 
Agricultural and Rural Districts; provided such uses comply with the objectives of the 
Land Use Law and meet the guidelines established by the Commission. 
Applications for special use permits are made initially to the appropriate planning 
commission of the county where the property is located. When the proposed permit area 
is greater than 15 acres, the approval of both the county and the Commission is 
required. 
On an application that involves an area greater than 15 acres, the Commission must 
decide on the request within 45 days after receipt of the complete record of the 
proceeding held by the County. Five affirmative votes are required to approve such a 
request. 
Denial or modification of a Special Use Permit is appeal able to the circuit court of the 
circuit in which the land is situated.180 
 
     The City and County of Honolulu ordinance has allowances for Agricultural clusters per 
Sec.21-3-3.50-2.181  Clusters are allowed where there are at least six contiguous acres of land on 
AG-2 properties.182 “Within agricultural clusters, detached, duplex and multi-family dwellings 
shall be permitted.  Multifamily dwellings shall not exceed four dwelling units in any 
structure…” with a limit on the size of each dwelling at 5,000 SF.183  The regulation regarding 
farm dwellings on AG-2 land is Sec. 21-5.250 which states “In the AG-2 district, the number of 
farm dwellings shall not exceed one for each two acres of lot area.”184 
     Should Ka‘ala Farm, Inc. pursue activities at the Cultural Learning Center to perpetuate 
sustainment of native cultural practices, it seems that there would be an opportunity to appeal 
to DHHL and the State for land use exceptions with the proper documentation and justification.  
                                                 
179. City and County of Honolulu Department Zone Plan Review Branch representative, telephone  
conversation with author, May 12, 2008. 
180. State of Hawaii Land Use Commission, “State Land Use Districts.” 
181. City and County of Honolulu, Resources, “Revised Ordinances of Honolulu; Recently Enacted    
Ordinances,” www.co.honolulu.hi.us/refs/roh/index.htm#vol2 (accessed September 2008). 
182. City and County of Honolulu, Resources, “Revised Ordinances of Honolulu; Recently Enacted    
Ordinances.”   
183.  City and County of Honolulu, Resources, “Revised Ordinances of Honolulu; Recently Enacted    
Ordinances.”   
184. City and County of Honolulu, Resources, “Revised Ordinances of Honolulu; Recently Enacted    
Ordinances.”   
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This would be required for more institutional educational uses, having people spend extended 
periods of time on the site, or for selling products from the site.   This is another instance where 
a master plan can benefit Ka‘ala Farm, Inc. The 97.5 acre parcel is the area being leased by 
Ka‘ala Farm, Inc. from DHHL on a five-year agreement.  This land is also designated as 
Agriculture (AG-2) land.  The DHHL lease has specific terms, and at times the organization has 
differing regulations and authorities, regarding land use allowances. 
The legal basis for the establishment of …DHHL is the Hawaiian Homes Commission 
Act, 1920, as amended (HHCA). Passed by Congress and signed into law by President 
Warren Harding on July 9, 1921 (chapter 42, 42 Stat. 108), the HHCA provides for the 
rehabilitation of the native Hawaiian people through a government-sponsored 
homesteading program. Native Hawaiians are defined as individuals having at least 50 
percent Hawaiian blood…the Department provides direct benefits to native Hawaiians 
in the form of 99-year homestead leases at an annual rental of $1. In 1990, the 
Legislature authorized the Department to extend leases for an aggregate term not to 
exceed 199 years (Act 305, Session Laws of Hawaii 1990; section 208, HHCA). 
Homestead leases are for residential, agricultural, or pastoral purposes. Aquacultural 
leases are also authorized, but none have been awarded to date. The intent of the 
homesteading program is to provide for economic self-sufficiency of native Hawaiians 
through the provision of land.185 
 
The current lease between Ka‘ala Farms and DHHL clearly supports the Ka‘ala Farms mission 
stating “The purpose of this License is to allow LICENSEE to operate the Cultural Learning 
Center at Ka‘ala as a facility for teaching the Hawaiian culture and cultivation of native 
Hawaiian plants and herbs.  Other uses of the property are not allowed without the written 
consent of the LICENSOR.”186  The purpose of the Hawaiian Homestead Act and establishment 
of DHHL is: 
(1)  Establishing a permanent land base for the benefit and use of native Hawaiians, 
upon which they may live, farm, ranch, and otherwise engage in commercial or 
industrial or any other activities as authorized in this Act; 
  (2)  Placing native Hawaiians on the lands set aside under this Act in a prompt and 
efficient manner and assuring long-term tenancy to beneficiaries of this Act and their 
successors; 
                                                 
185. State of Hawaii, Department of Hawaiian Homelands, “Laws/Rules: Administrative Rules; Hawaiian  
Homes Commission Act,” http://hawaii.gov/dhhl/laws (accessed Sept 14 2008).  
186. State of Hawaii, Department of Hawaiian Homelands, License Agreement No. 475 (Non-Exclusive Benefit), Ka‘ala 
Farms Lease Agreement (August 21, 2000), 5. 
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(3) Preventing alienation of the fee title to the lands set aside under this Act so that 
these lands will always be held in trust for continued use by native Hawaiians in 
perpetuity; 
(4)  Providing adequate amounts of water and supporting infrastructure, so that 
homestead lands will always be usable and accessible; and 
(5)  Providing financial support and technical assistance to native Hawaiian beneficiaries 
of this Act so that by pursuing strategies to enhance economic self-sufficiency and 
promote community-based development, the traditions, culture and quality of life of 
native Hawaiians shall be forever self-sustaining.187 
 
    In addition to the regulations put forth the by these institutions, there has also been land use 
planning at the grass roots neighborhood level in Wai‘anae.  The Wai‘anae Sustainable 
Communities Plan was formed through community participation.  There are a host of theories 
about the “tragedy of the commons” and whether or not communities should be involved in the 
management of their natural resources.   However, it seems that an informed and active 
community has valuable input as to their own needs and participation creates investment, 
control, and a sense of ownership.  The Wai‘anae Sustainable Communities Plan indicates the 
following community challenges and concerns regarding agricultural lands, which in turn effect 
land use desires:  
Taxes: Current taxes on land used for diversified agriculture are high, presenting 
economic challenges to the development of diversified agricultural enterprises, and 
hence challenges to the development of a diversified agriculture industry. 
Conversion to more Intense Uses: The cost of maintaining lands in agriculture use, the 
costs versus revenues involved in developing diversified agricultural enterprises and the 
potential for higher economic return if lands are committed to more intense uses such as 
residential or commercial development all help to create pressures to convert 
agricultural lands to other uses. 
Lack of Long-Term Leases:  This makes agricultural lessees reluctant to invest in long-
term improvements such as infrastructure or needed support facilities, and makes it 
difficult to obtain financing.188 
 
As cost of living as well as conducting business in Hawai‘i is particularly high, it is tempting for 
owners and residents to pursue the most profitable uses of land in turn ensuring their own 
ability to stay in their communities.  The long-term lease issue is evident with Ka‘ala Farm, Inc. 
                                                 
187.  Hawaii State Legislature.  Homestead Act text; Title 1A Purpose, vol 01, chap 1-42F,    
http://www.capitol.hawaii.gov/hrscurrent/Vol01_Ch0001-0042F/06-HHCA/HHCA_0101.htm (accessed March 17, 
2008). 
188.  City and County of Honolulu, Department of Planning and Permitting, Wai‘anae Sustainable Communities Plan 
(Honolulu: Department of Planning and Permitting, July 2000), 3-26. 
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as they are in current negotiations with DHHL for a twenty year lease.  Current operations 
have been on five year leases constantly being reviewed and addressed for renewal consequently 
limiting organizational planning to five year terms as well.  By purchasing the 7.5 acre parcel, 
Ka‘ala Farm, Inc. was also able to ensure some security for the future of the Cultural Learning 
Center, freeing them from the dependence on lease renewals.   
Water Availability: Uncertainty about long-term water availability at affordable rates 
contributes to the economic challenges to diversified agricultural development. 
Use Conflicts:  Development of new communities, residential areas, or institutional 
facilities such as churches or schools adjacent to or within agricultural areas has 
resulted in complaints directed at the agricultural activity. 
Lack of Incentives:  There are no strong incentives for protection of agricultural lands 
or for the development and maintenance of diversified agricultural enterprises.189 
 
The community recognizes the importance of local agriculture.  “The preservation of 
agricultural lands – both lands currently in agricultural use as well as fallow land that has 
agricultural potential – is of critical importance to the Wai‘anae community…Agricultural uses 
of the land are important in Wai‘anae for both commercial and agriculture and part-time family 
farming.”190   Only 21% of the land designated as agriculture lands are actively being farmed due 
to difficult to access terrain topography as well as variable soil conditions.191   A large portion of 
the Wai‘anae moku is stony or rocky soil which is not ideal for farming.  Also, if indeed these 
lands have difficult terrain and less than ideal soil, this raises the question if they are properly 
categorized.  Should this land actually be in conservation?  What would happen to the Wai‘anae 
moku if these lands are under production?  Additionally, the transportation network into the 
valley areas is limited, affecting vehicle and equipment access.  This concern could work to 
actually preserve the land by preventing intensive mechanized farming equipment from being 
used.  Less obtrusive farming methods, which require higher sweat equity, larger numbers of 
                                                 
189. City and County of Honolulu, Department of Planning and Permitting, Wai‘anae Sustainable Communities Plan, 
3-27. 
190. City and County of Honolulu, Department of Planning and Permitting, Wai‘anae Sustainable Communities Plan, 
3-25. 
191. City and County of Honolulu, Department of Planning and Permitting, Wai‘anae Sustainable Communities Plan, 
3-25. 
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laborers, or multiple smaller plots, could substitute for industrialized farming approaches.  In 
addition to access to agriculture land and the viability of the soil, is the issue of the economic 
viability of choosing agriculture as a profession.  Overcoming the financial burden or risk of 
farming these lands could perhaps be alleviated if farming took place as community rather than 
as individual endeavors.   
Facilities 
 
     As described, the Ka‘ala Farm, Inc. functions are spread across the Wai‘anae ahupua‘a.  There 
are two main areas, the makai and mauka areas.  While this project focuses on the Ka‘ala Farm, 
Inc. and the DHHL property at the mauka site, the following facility description includes the 
makai facilities as well.   
     The Makai Site Facilities 
     The makai site is located at the turn off just prior to the Wai‘anae small boats harbor at the 
southwest end of Poka‘i Bay. The makai facilities are located on Department of Land and 
Natural Resources (DLNR) property through a sublease with Honolulu Community Action 
Program (HCAP).  This site is the only property of the Ka‘ala Farm, Inc. operations with 
electricity, water, and sewer service.  The site is fenced and gated, providing security in this 
commercial and high crime area.  Due to this access to infrastructure and to the main road, 
Farrington Highway, this is the current location of the Ka‘ala Farm, Inc. main office.  The 
location of ocean related programs, the canoe project and backyard aquaculture project, also 
demonstrate functions with the modern contemporary ahupua‘a.  Being on a sublease for this 
land however, is not as ideal for long-term planning and stability.  While the main portion of 
this project focuses on the mauka site, the makai facilities are important to defining the functions 
of Ka‘ala Farm, Inc., understanding the overall facility requirements, and enabling whole picture 
comprehensive facility planning and development.   
   
112 
 
THE MAKAI SITE 
 
Table 2.1 
 
 
 
 FACILITY 
 
‘Ōpelu Project 
 
Five backyard aquaculture 2,000 
gallon tanks are active and are 
stored in the yard space in front of 
the workshop just behind the 
Headstart Program fenceline.  
Power is required to run the water 
pumps for the tanks. 
 
Main Office 
 
Currently the office is the 
workplace for 2 full-time and 4 
part-time employees.  Staff size 
fluctuates by only a few members.  
The workload is remarkable but 
staff is limited due to funding.  
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Workshop 
 
The workshop is the covered area 
adjacent to the office.  The space is 
used for making kapa and related 
kapa tools, educational products, 
and serves as an outdoor meeting 
area. 
 
 
Canoe Shelter 
 
Currently protecting 4 canoes 
from the elements the area just 
mauka of the office serves as 
storage space for the canoe 
community resource project 
equipment. 
Library 
 
This modest space offers indoor 
group meeting space, and 
records/reading material 
storage. 
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Native Plant Nursery 
 
There are multiple plant nurseries 
being used to grow native plants 
for the restoration project and 
seedlings for planting at the mauka 
site.  The local schools are also 
participating in restoration and 
farming at their facilities.  The 
nursery can serve as a resource to 
help support these additional 
community programs.   
 
Storage 
 
Multiple container units, shipping 
containers and military CONEX 
boxes, provide secure storage 
onsite for equipment. 
 
Restrooms 
 
Restroom facilities are next to the 
aquaculture tanks, across the dirt 
parking lot from the main office. 
 
(no photo) 
Kitchen Shell  
 
Not currently permitted or 
equipped – to be used as a 
demonstration kitchen 
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     The Mauka Site Facilities 
     As described, the mauka site has two properties being used by Ka‘ala Farm, Inc.  These 
properties are off-grid, neither site has electricity, sewer, nor potable water.  One is owned by 
the non-profit (7.5 acres), the other is leased from DHHL (97 acres).  The 7.5 acre site does not 
have any infrastructure or facilities other than the access road to the DHHL property, which is 
separated by Honu Stream just below where it is joined by Hiu Stream.  The area at the end of 
the access road is used for visitor parking.  The benefit to this site is ownership, ensuring Ka‘ala 
Farm, Inc. will have a presence in the future.  The land is the site of the Native Dryland Forest 
Restoration project. 
     The DHHL 97 acre site includes the main Cultural Learning Center facilities for visitors and 
is the focus of this project.  The site includes the restored lo‘i terraced into the sloping hillside.  
The site is divided into the lo‘i  area which is maintained in a state most similar to its pre-
contact form - the only facility in this area being a composting toilet.  The land to the right, or 
south, of the entry road was previously bulldozed and also used as pasture so the original 
configuration of the site has not been considered for restoration.  This is the area designated for 
development of Learning Center facilities and will be further described in the programming, 
design and development portions of Chapter 6.          
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THE MAUKA SITE 
 
Table 2.2 
 FACILITY 
7.5 Acre Site
 
Native Dryland Forest 
Restoration 
 
This site is owned by Ka‘ala 
Farm, Inc. and includes: 
 
- Property Access Road  
- No buildings 
- Parking Area 
- Gathering Space 
 
 
 
97.5 Acre DHHL Site
     
Hale     
43’ x 28’-3” 
 
The thatched hale serves as a 
landmark, historic and 
cultural symbol and primary 
gathering facility on the site. 
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Lo‘i Terraces 
 
The central farming function 
currently underway at Ka‘ala 
Farms.  Terraces are fed by 
water from upland mountain 
springs, transferred by 
gravity fed pvc lines and also 
used for irrigation. 
      
Caretaker House 
50’ x 16’  
 
Home of caretaker and his 
wife, present on the land 
prior to the creation of 
Ka‘ala Farm, Inc. 
      
Cookhouse  
garage area: 18’ x 18’-5” 
main area: 16’x 24’-10” 
 
Facility is used for food 
preparation via a gas stove.  
Potable water is supplied via 
jugs/bottles. 
      
Conex 1    
8’ x 8.3’ 
Conex 2    
8’ x 16.6’ 
 
These containers are used for 
farming equipment and 
related storage. 
       
3 Composting Toilets   
12’ x 8’ 
Compost Area    
7 barrels 
Outdoor Sink    
8’-2” x 2’-6” 
 
2 Upper Compost Toilets     
8’-3” x 17’-4” 
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 Physical Characteristics 
     The following description of the site is from a natural resources perspective and is organized 
into the categories of climate, land, and water including information on temperature, soils, 
forests, and rainfall. This section is intended as a general site description and more specific 
details on the availability, application, and stewardship of site resources are discussed in Chapter 
4: Building and Systems Design Strategies as well as Chapter 6: Development Plans, Programs, 
and Design.   
     Climate 
     Native Hawaiian culture shows an acute awareness of the natural sciences.  “The rich and 
extensive Hawaiian vocabulary reflected the Hawaiians’ symbiotic relationship with their 
environment.  For example, there are more than 64 words for rain...”192 Climate in Hawai‘i is 
dictated by the local geography of an area due to the extreme elevation changes, land features, 
and proximity to the ocean.  Dramatic differences in rainfall and temperature can occur 
depending on relative location to the ocean and mountain ranges. “The exchange of air often is 
confined to areas of tens of square miles or less.”193   Wai‘anae Valley is on the leeward coast of 
O‘ahu where there are tendencies to experience higher temperatures and lower rainfall than 
areas at the same elevation on the windward side of the Wai‘anae mountain range.    
The Ka‘ala Farm, Inc. mauka site occurs on the leeward slope at the base of Mt Ka‘ala.  The 
general climate categories descriptive of this area are termed “leeward lowlands” and “lower 
mountain slopes on leeward side.”194  Leeward lowlands are described as having “…daytime 
temperatures are slightly higher and nighttime temperatures are slightly lower than in 
windward locations.  Dry weather prevails except for an occasional light trade wind shower 
                                                 
192.  Paul F. Nahoa Lucas, “E Olo Mau Kakou I Ka Olelo Makuahine,” [Hawaiian Language Policy and the Courts] 
vol 34 of The Hawaiian Journal of History, 2000.  
193. National Oceanic and Atmospheric Administration, “Climate of Hawaii,” 
http://www5.ncdc.noaa.gov/climatenormals/clim60/states/Clim_HI_01.pdf (accessed July 2008), 3. 
194.  National Oceanic and Atmospheric Administration, “Climate of Hawaii,” 2. 
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which drifts from the mountains and for periods of major storms.  In some leeward areas, an 
afternoon sea breeze is common, especially in summer.”195  The category of “lower mountain 
slopes on leeward side” is described as having rainfall “…greater than on adjacent leeward 
lowlands, but distinctly less than at the same level on the windward side except that the zone of 
maximum rainfall usually occurs just to leeward of the crests of the lower mountains.  
Temperature extremes are greater than on the rainy slopes of the windward sides of the 
mountains, and cloudiness is almost as great.”196 
     As described in Chapter 4: 
Building and Systems Design 
Strategies, in addition to 
temperature, relative humidity and 
wind are important factors in 
determining human comfort.  The 
relative humidity on the leeward 
side averages 60 to 70 percent.197  
“Weather in the Hawaiian islands is 
affected up to 70% of the time by a 
subsidence inversion found at 1200-1400m above sea level.  The stabilizing affect of the 
inversion modifies circulation by strongly inhibiting vertical motion.”198  Orographically induced 
rainfall occurs when tradewinds push air up the mountain range slope.  The inversion is the 
atmospheric layer where temperatures increase as altitude increases causing air to act as a lid, 
                                                 
195. National Oceanic and Atmospheric Administration, “Climate of Hawaii,” 2. 
196. National Oceanic and Atmospheric Administration, “Climate of Hawaii,” 2. 
197. National Oceanic and Atmospheric Administration, “Climate of Hawaii,” 9. 
198. Thomas Giambelluca, and Dennis Nullet, “Influence of the Tradewind Inversion on the Climate of a  
Leeward Mountain Slope in Hawaii,”  Climate Research,  vol 1 (December 30, 1991): 207-216,  
http://www.int-res.com/articles/cr/1/c001p207.pdf (accessed November 7, 2008). 
 
 
Figure 2.8 
Average day and night temperatures for Wai‘anae 
Image source: www.weather.com 
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holding down the denser, colder air.199  The prevailing winds on O‘ahu are east to west although 
the leeward side of the island at the base of the mountains does not experience the full benefit of 
the trade winds.  Local valley conditions at the Ka‘ala site can be responsible for governing 
airflow.  This screening from the trade winds, creates the most cloudy conditions in the winter 
months rather than the summer months.200   The “percentage of clear daylight conditions ranges 
from 30 to 60 percent and cloudy conditions decrease to less than 20 percent.  However, in these 
leeward areas as in those to the windward, the cloudiness increases as the mountains are 
approached.”201 
     Land  
    Soils  
     The soils in the Wai‘anae region ultimately are derived from volcanic activity.  Although 
there is a range of soil types in the area, the three dominant types according to the USDA 1971 
soils survey in the Wai‘anae Valley moku are: 
1. Lualualei Series, Fill Land, and ‘Ewa Series Association 
2. Tropohumults-Dystrandepts Association 
3. Rock Land and Stony Steep Land Association202 
The National Resource Conservation Website has a web soil survey tool at 
http://websoilsurvey.nrcs.usda.gov/app/ allowing users to select a map area and create a 
custom soil report.  A custom soil report was made specifically for the Ka‘ala Farms mauka site.  
The area was listed as entirely rST, extremely stony silty clay loam, with the top 0-10 inches 
consisting of 55-80% clay and the taxonomic classification of the soil is Ustorthents.203  The site 
slopes are listed as ranging from 5-40%.  The soil is listed as well drained with the water table 
                                                 
199. LTJG Kyle Franklin, Naval Maritime Forecast Center, Joint Typhoon Warning Center, Pearl Harbor.  Email 
message to author, October 10 2008. 
200. National Oceanic and Atmospheric Administration, “Climate of Hawaii,” 8-9. 
201. National Oceanic and Atmospheric Administration, “Climate of Hawaii,” 9. 
202. State of Hawai‘i Department of Business, Economic Development and Tourism, Hawaii Coastal Zone   
Management Program, “Wai‘anae Ecological Characterization.” 
203. United States Department of Agriculture, Natural Resources Conservation Service, “Custom Soil  
Resource Report for Island of O‘ahu, Hawaii: Ka‘ala Farms,” Soil_Report.pdf (September 25, 2008), 32. 
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more than 80 inches deep.204  Overall the soil is described as very limited for any sort of building 
or road construction due to the high stone content, and steep slopes facilitate erosion because of 
surface run-off.   This also makes the land less than ideal for farming equipment and difficult for 
hand farming.  Although there is little surface ponding, the stony soil is also not well suited for 
septic tank absorption fields or sewage lagoons due to slow water movement.205  The soil 
chemical properties bring the pH near neutral (7.0) from 0 – 60 inches where the pH ranges 
from 6.6-7.3.206 
     Soil surveys done in the 1960s indicate that the area may be suited for truck crops.  Truck 
crops are vegetable varieties grown for local consumption and are listed as “Lettuce, cabbage, 
cucumber, snap beans, tomatoes, onions, peppers, broccoli, corn, eggplant, and gingerroot…”207  
The evaluation of the soils and suitability for various activities is within the historical context of 
the 1960s.  For example, the soils are evaluated for their suitability in growing sugar and 
pineapple and use as ranchlands where there is no mention of topics such as taro growing, 
conservation, or native forest restoration in the soil report.  The latest soil data from December 
2006 on the USDA Natural Resource Conservation website indicates that the majority of the 
soils on the Ka‘ala Farm, Inc. property is not suitable for farming.  Land that is not irrigated is 
listed as having “severe limitations” with the area being suitable only for “grazing, forestland, or 
wildlife habitat.”208  This is a good example of the limitations of resource classification systems.  
The soil database gives a preliminary report on the ability to use a parcel of land for farming, 
                                                 
204. United States Department of Agriculture, Natural Resources Conservation Service, “Custom Soil  
Resource Report for Island of O‘ahu, Hawai‘i: Ka‘ala Farms,” 16. 
205. United States Department of Agriculture, Natural Resources Conservation Service, “Custom Soil  
Resource Report for Island of O‘ahu, Hawai‘i: Ka‘ala Farms,” 47. 
206. United States Department of Agriculture, Natural Resources Conservation Service, “Custom Soil  
Resource Report for Island of O‘ahu, Hawai‘i: Ka‘ala Farms,” 52. 
207. Donald E. Foote, Elmer L. Hill, and Floyd Stephens, “Soil Survey of the Islands of Kauai, O‘ahu, Maui, Molokai 
and Lanai, State of Hawai‘i: Use and Management of the Soils,” Soil Conservation Service  
United States Department of Agriculture in cooperation with the University of Hawaii Agricultural  
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(accessed September 2008).  
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but only conveys information on one aspect (the composition and physical properties of the soil), 
which does not function in isolation.  To truly determine whether or not a parcel is appropriate 
for farming, not only is knowledge of soil required, but also of the more complete ecological, 
social, and cultural system.   
     Forests  
     “The Wai‘anae range supports some of the last dry cliff habitat in the islands.  It is estimated 
that native dry land vegetation only remains in about 25 percent of its original range, with a 
portion of this in the Wai‘anae Mountains.” 209  Other estimates suggest that only 10% of the 
native dry land forests on O‘ahu exist today.210   “The natural vegetation consists of kiawe, koa 
haole, bristy foxtail, ‘uhaloa, and fingergrass.”211    
The Wai‘anae Mountains contain over 85 species of sensitive plants, with new 
populations found every year (Makua Implementation Team and others 2003).  They 
also provide critical habitat for plants and animals like the endangered O‘ahu ‘elepaio 
(Chasiempis sandwichensis ibidis).  Over 16,990 acres are designated as ‘elepaio critical 
habitat on federal, state, county, and private lands in the Waianae Mountains.212  
  
Over 50 threatened and endangered plant and animal species reside in the Wai‘anae moku.213  
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     Water   
     Ground water is a precious resource and essential to providing potable fresh drinking water 
on O‘ahu.  Underground dikes and aquifers are dependent on being recharged through 
percolation of rainwater.  Community Water Resources are a contentious issue in Wai‘anae.  
Ground and surface water sources in the Wai‘anae moku are currently strained.  “The 
Sustainable Yield (SY) is ‘the maximum rate at which water may be withdrawn from a water 
source without impairing the utility or quality of the water source as determined by the 
commission,’ Hawaii Revised Statutes Chapter 174C, State Water Code.”214 According to the 
June 2006 Wai‘anae Watershed Management Plan, the SY for Waianae is 3 MGD and the average 
water use for the Wai‘anae ahupua‘a was already exceeding this limit at 3.4 MGD.  The overall 
Wai‘anae moku requires 4.5 MGD of water imported from the Pearl Harbor Aquifer.215    
     The Hawai‘i freshwater systems are unique, the native fish and crustaceans are considered 
“amphidromous, meaning they must travel from salt water to fresh water to complete their 
growth.  Alterations to the lower portions of the streams, such as paving drainage canals or 
                                                 
214. City and County of Honolulu, Board of Water Supply, Wai‘anae Watershed Management Plan, Honolulu: Board 
of Water Supply, http://www.boardofwatersupply.com/cssweb/display.cfm?sid=1408 (accessed February 3, 2008). 
215. City and County of Honolulu, Board of Water Supply, Wai‘anae Watershed Management Plan.   
 
Figure 2.9 
O‘ahu ground water system diagram 
Image source: City and County of Honolulu,  
Board of Water Supply http://www.boardofwatersupply.com/ 
cssweb/display.cfm?sid=1093 
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routing agricultural runoff into streambeds, can have a devastating effect on the stream water 
quality and the survival of those native species.”216  This exemplifies that the moku is a system 
rather than isolated parcels of land.  Even though the Ka‘ala Farms site is only a portion of the 
overall valley, it is important to understand what is happening above and below the property as 
ecological systems to do not know human imposed boundaries, other than the ones that destroy 
the natural pathways and systems. 
     Ascending the highest peak on O‘ahu,  
Mount Ka‘ala is the site of a unique bog habitat in the moku.  The summit is often 
shrouded in clouds and receives an average of 60 to 80 inches of rain annually.  The 
ground is soft and covered with lapalapa, ‘ōhi‘a, ferns, and mosses.  Kaneamimi, Kukaki, 
Niolopua and Kanewai streams flow from Mount Ka‘ala to Honua Stream in the 
Wai‘anae Valley (Leeward TLCF Summer Institute 1998b).  These streams were once 
used by the Hawaiians as part of their agricultural terracing system, the ‘auwai, which 
maximized the precious water resources in the moku.217   
 
Honua Stream runs between the two mauka Ka‘ala Farm, Inc. Cultural Learning Center site 
properties.  The leeward Wai‘anae area is significantly drier than the windward slopes, which 
has a median annual rainfall between 20-75 inches.218  GIS mapping shows that the Ka‘ala Farm, 
Inc. mauka property receives 33-51 inches of rain annually.  As with most hillside sites, heavy 
rain events can threaten the stability of the soil on the leeward slopes, possibly causing erosion 
and landslides.  
     In addition to fresh water concerns, Wai‘anae residents must address waste management.  
Cesspools are used by approximately 20% of Waianae residences.219  This is primarily due to a 
lack of finances for individuals to connect to the available main sewer infrastructure.  However, 
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rising fees for the City to conduct pumping is also a financial strain on many residents.220 Gray 
water re-use, reduction and composting strategies could help reduce the need for fresh water for 
waste management and reduce the disposal volume of black and grey water.  Most deviations 
from the typical systems requiring permitting from the Department of Health and Sanitation 
but could also encourage the drafting of new guidelines and design strategies of approached as a 
community or a neighborhood level.  
     This overview of the Wai‘anae moku and Ka‘ala Farm, Inc. site general physical properties 
indicates the vulnerability of the land and how stewardship and land management practices 
directly impact the ability of the land to support human activity.  Wai‘anae Valley possibly 
supported thousands of lo‘i terraces and a substantial native Hawaiian population in pre-contact 
days as previously described.  Intensive inappropriate land use (such as cattle ranching), 
extensive harvesting of resources (such as sandalwood), and intensive mono-culture crops 
requiring redistribution of natural resources (such as sugar) have lead to significant changes to 
the Wai‘anae moku.  These land management practices have caused erosion, extinction of native 
plant species, contamination of water sources, and damaged the ability of the natural ecosystem 
to restore and sustain a healthy existence.  The balanced system is taxed when more resources 
are extracted than returned and nurtured.  The unique temperature and climate of the Wai‘anae 
moku creates a delicate ecosystem, but one capable of supporting human activity if properly 
managed as proven in the past.  The current condition of the land prohibits people from easily 
living a subsistence based lifestyle, preventing cultural perpetuation.  In addition to 
dependencies for fuel, waste management (recycling), and commercial goods from the mainland 
and other nations, the island is dependent on food from external sources.  This is not only 
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because of land degradation but because of the intrinsically tied cultural degradation causing the 
loss of indigenous knowledge or the population to practice it.   
Chapter Conclusion 
     Outlining the Ka‘ala Farm, Inc. Cultural Learning Center organization and site context 
demonstrates the ongoing significance of the relationship between communities and the land.  
Living sustainably is akin to restoring, growing and living certain cultural values.  In the case of 
Ka‘ala Farm, Inc., and the Wai‘anae community, issues of cultural perpetuation and food 
sovereignty grant independence and self-sufficiency.  Supplementing or depending on 
subsistence living in the Native Hawaiian community provides freedom, reduces economic 
strain, and has the potential to reduce impact on the environment when managed with the 
traditional concepts of giving back or restoring what is used from the land.  The Wai‘anae moku 
is a vulnerable ecosystem, like all global ecosystems strained by human impact, and is not being 
managed sustainably by today’s land management and land use practices from an 
environmental, social, or economic standpoint.  This is evident by the disappearing native 
species and ongoing crises of social inequality discussed in Chapter 1.  
     What needs to change and what will be the impetus for change?  The current model of living 
is unsustainable socially, ecologically, and economically.  Ka‘ala Farm, Inc. offers an alternative 
model of living with the land while focusing on the development and engagement of the 
community through the individual and family. Ka‘ala Farm, Inc. serves as a poignant example 
where efforts to restore the land through culture and community are one in the same with 
restoring the community and culture by caring for the land.   
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CHAPTER 3 
 
SUSTAINABLE COMMUNITY DESIGN STRATEGIES 
 
 
Introduction 
 
     The need for sustainable living strategies has confronted communities across the globe and 
across time.  This chapter describes sustainable community design strategies.  First, sustainable 
community design is defined. Second, case studies are presented.  Case studies include both local 
and global examples of strategies communities are implementing within their ecological and 
cultural contexts.  These strategies are reviewed in relation to the Ka‘ala Farm, Inc. Cultural 
Learning Center program. 
 
Sustainable Community Design 
Overview 
 
     There are historic examples of sustainable design in communities faced with water, air, and 
land quality challenges.  Greek philosophers remarked on the importance of natural systems in 
maintaining human health.  “Theophrastus, a student of Aristotle often referred to as the father 
of botany, noted how the clearing of forests for agriculture led to changes in the local 
climate.”221  Florentines faced with the soiling of the Arno River by butchers and tanners, 
implemented rules regarding allowable land use practices upstream in the city to protect the 
water source for the greater community.   
     In many instances however, the response to ruined agricultural lands, pollution, or over use 
of resources has often been migration, but as global population increases, relocation to pristine 
lands is no longer an option.  In addition to reduced space caused by increase in population and 
inefficient land use, unsustainable practices include employment of technological advances 
beyond our means of control or management.  We depend on resources which we lack the 
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means to dispose of (such as nuclear waste), control (such as biological and pharmaceutical 
byproducts dispensed into our water system), or manage (such as the mining, use, and 
distribution of oil).  We depend on materials that are toxic to our bodies for everyday activities 
such as cooking (teflon), drinking (bisphenol-A polycarbonate found in plastic bottles), growing 
food (chemical laden pesticides and fertilizers), transportation (fossil fuel emissions), playing 
(plastics containing phthalates), clothing (“…doused with insecticides, herbicides and synthetic 
fertilizers, cotton crops use about 25 percent of all the insecticides applied globally each 
year.”222), working (computers use PVC, polybrominated diphenylethers and polybrominated 
biphenyls223) and building.  While remarking at the naiveté of the Romans using lead pipes in 
their water system, we turn to PVC, which has a toxic manufacturing process and can leach 
vinyl chloride and phthalates.224   
     Examples of clean living, intelligent land use, and accountable stewardship of resources are 
needed.  Strategies for greener everyday living and review of the underlying institutional 
support is needed to perpetuate sustainable lifestyles.  For example, off-grid living is difficult to 
implement, requiring navigation through permitting requirements and engineering of 
alternative infrastructure systems.  Those living in apartment complexes or renting property 
have less power to implement changes to their residences and energy infrastructure.  Some 
systems require land area, whether it be for composting processes or square footage for solar 
panels.  Such land area could require community cooperation in combining infrastructure or 
funding to purchase space.  New equipment and systems, whether green or not, have up front 
expenses. 
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     The design approach for this project reflects the core values and intentions of Ka‘ala Farm, 
Inc.  Case studies include organizations and communities, both locally and globally, with similar 
cultural, environmental, social, and economic intentions as those of Ka‘ala Farm, Inc.  
Sustainable development is innately a holistic approach.  Design of a facility or infrastructure 
occurs within the context of a greater system.  Understanding this broader context is necessary 
if the design intent is to develop sustainable communities.  In “Design for Human Ecosystems”, 
John Lyle references A.G. Tansley’s 1935 concept of the ecosystem:    
 “Simply defined, an ecosystem is the interacting assemblage of living things and their 
nonliving environment.  Among living things are human beings themselves, although 
ecologists usually choose to study ecosystems that exclude man, and human beings 
usually choose to think of themselves as somehow set apart from ecosystems.  This is an 
important point, and one that is implicit in everything that follows: We human beings 
are integral, interacting components of ecosystems at every level, and in order to deal 
adequately with these systems, we have to recognize that simple fact.  In most 
situations, even at the level of the biosphere, we may be an overriding, controlling 
component, but we are a component nonetheless.”225 
 
This sentiment is echoed by numerous philosophers and naturalists and is reflected in a host of 
concepts which share an overlapping vocabulary such as deep ecology, biophilia, biomimicry, 
natural systems agriculture, food sovereignty, permaculture, green building, natural building, 
and sustainability.  Ecological concerns are nothing less than concerns for the comfort, health, 
and survival ultimately of the human species, as most would agree that the planet would tend 
toward balance and renewal without the assistance or interference of humanity.   
“As the California condor flaps out of existence on the western rim of our consciousness, 
the sun may be setting on us, too.  Our persistence as a species will depend upon 
cognition of ourselves as part of nature and recognition of our new duty to see how 
much of creation can be sustained…Humanity did not soft-land into the teeming 
biosphere like an alien from another planet.  We arose from organisms already here, 
whose great diversity, conducting experiment upon experiment in the production of 
new life-forms, eventually hit upon the human species.”226 
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Community  
 
     Sustainability requires a restoration of community, the very social fabric binding collective 
present and historical knowledge of places and practices.  This restoration of community 
includes the intergenerational community. Ultimately such changes refer to a change in the 
current dominant culture.  The intergenerational and cultural loss of oral traditions results in a 
decline of collective knowledge.   
“If much of a people’s knowledge about the natural world is encoded in their indigenous 
language, the same knowledge cannot be easily imparted in another foreign language 
which has not developed a specific vocabulary to describe local conditions, biota, and 
land management practices.  Indigenous scientific knowledge is inevitably lost when 
cultures are faced with the demise in native languages…”227  
  
In addition to this separation between each other in many contemporary societies, there is a 
divisive separation between people and the land in non-agricultural based societies.   
     Contemporary society has compartmentalized, industrialized and technologized living 
resulting in a separation between people and the land.  The place and labor force that supplies 
our daily resources and food to Hawai‘i are generally unknown and literally foreign to the 
island, requiring a convoluted tracing of global pathways to determine the origin of the most 
mundane daily tools, food, and materials residents depend upon. The separation between the 
land and people is literal, the land divided with common barriers of fences, walls, property lines, 
and concrete.  
“…it’s essential that we learn from traditional societies, especially those in which most 
people experience daily and intimate contact with the land-above all, those who harvest 
a livelihood from the wild environment: the hunters, fishers, trappers, and gatherers.  In 
such communities, we find knowledge similar to that achieved by our own scientific 
disciplines.  And we are given important insights about how humans engage themselves 
with the living process, insights founded on a wisdom that we had long forgotten and 
are now beginning to rediscover.”228 
 
Wes Jackson, Natural Systems Agriculture advocate from Kansas, further articulates this point: 
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 “…why shouldn’t human communities run on sunlight and recycle materials the way 
natural communities do?  Why can’t our home places be sustainable instead of being 
quarries to be mined by the extractive economy and then abandoned?  After all, native 
peoples lived here for hundreds of years, in far greater concentrations than we have 
today in some rural counties.  How was it that the land could support them in a 
sustainable way?” 229 
 
The loss of indigenous knowledge about the land is attributed to urbanization and 
industrialization, which has occurred for a host of reasons, resulting in depopulation of rural 
communities and the disappearance of knowledge as “…only 1 percent of the U.S. is growing 
our food, and that figure is falling…”230  Not only does the detachment from rural settings 
challenge the food security of island communities, but this also means there is a separation from 
ecological paradigms and models, which could prove useful in our understanding of natural 
systems and applications.231  
     While Wai‘anae or Ka‘ala Farms are not considered “intentional communities” as they exist 
today, there are worthwhile lessons in community building through models of intentional 
communities such as eco-villages.  The Global Eco-Village Network (GEN) links members of 
like-minded communities, facilitating their development.  In the 1990’s, the Gaia Trust 
approached the editors of “In Context” magazine, Robert and Diane Gilman, and asked them to 
research sustainable community best practices.232  “The Gilman’s report defines an ecovillage as 
a ‘human scale full-featured settlement in which human activities are harmlessly integrated into 
the natural world in a way that is supportive of healthy human development and can be 
successfully continued into the indefinite future.’ “233  Regardless of location on the globe, 
dialogue between eco-village communities has indicated two recurring issues.  The first being 
that people are “…seeking to consciously regain greater democratic, popular control over 
community resources that were coming under ever-greater attack from corporate capitalism.”   
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The second global issue is that  “…at root, the problem to be addressed was at least as much 
cultural as economic in nature… traditional communities were being undermined not only by 
aggressive behaviour of corporations and usurping control over community resources, but also 
by the barrage of media messages undermining traditional values and ways of life.”234  
Traditional cultural values of community are challenged by media messages dedicated to 
marketing and demanding consumerism.  Value is attributed to ownership and use rather than 
stewardship and conservation.  Public spaces are often neglected in order to invest in gated 
communities. This brings into question the entire concept of the current “development 
paradigm.”235  The stories of GEN communities world-wide are derived from various 
circumstances but resonate with surprisingly similar purposes as stated by Marian Zeitlin, an 
ecovillage pioneer for the movement in Senegal :  
‘In Senegal, becoming an ecovillage is no less than the act of reclaiming spiritual and 
cultural integrity, pride and tradition, heritage of mutual aid, community solidarity, self-
reliance and self-respect that first were lost through colonial conquest.’ 236 
 
Design  
 
     Appropriate design of sustainable communities requires participation from community 
members, institutions and agencies.  Community Participatory Design includes residents as well 
as government agencies, local businesses, schools and services.  This method has been applied in 
the production of the City and County of Honolulu’s “Wai‘anae Sustainable Communities Plan” 
and the Honolulu Board of Water Supply “Wai‘anae Watershed Management Plan.”  Planning 
agencies such as Townscape, Inc. of Honolulu incorporate significant community participation 
into the planning process in order to produce feasible, executable plans with the support of the 
community.          
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     In addition to considering other communities as case studies to review the applicability of 
various design strategies, another crucial model is to look toward the natural “un-built” world 
as a prototype.  Biomimicry offers an accessible source for design models through the tool of 
observation at varying micro and macro scales.  This theory applies not only to material 
selection, but also to the broader concept of overall designed systems.  Understanding natural 
systems is critical in replicating the positive feedback loops, which are self-maintaining and self-
perpetuating, even with a biological form as well-known as grass; “…no one planted or tended 
it, yet the grass came up year after year, drought or no drought, through snow and blistering 
sun.”237  The knowledge of systems which we encounter everyday is still limited because our 
habitat is so vast. “More organization and complexity exist in a handful of soil than on the 
surface of all the other planets combined.”238  It is worth noting the use of the term “complexity” 
rather than the term “complicated” to describe natural systems.  While part of a dense and rich 
network, natural systems are often elegantly simple, based in principles of energy conservation, 
materials re-use, and focused purpose.  
     Designing buildings and infrastructure according to the framework of the complexities of an 
ecological system requires understanding a site as a whole rather than as TMK parcels.  This is 
very difficult in a culture that creates boundaries by ownership, often regardless of the 
underlying connected natural ecology of an area.  Common methods for categorizing 
information result in resources being stripped into separate layers, managed by varying 
government agencies as indicated in Chapter 2.  As information systems become more 
sophisticated with tools such as Geographic Information Systems (GIS) and Building 
Information Modeling (BIM), it is possible that a more comprehensive understanding may 
begin to occur between designers and related professions.  Perhaps more complex modeling 
tools can be adapted from other professions.  For example, computer modeling typically used in 
                                                 
237.  Benyus, 21.   
238.  Kellert, 39. 
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meteorology and weather prediction could perhaps be applied to understanding local carbon 
footprints, land use consequences, global material and food production mapping, as well as 
energy expenditures in community systems.  Understanding our own human networks could aid 
in better managing our resources.      
     Jon Piper, and ecologist from the Land Institute in Kansas is dedicated to studying prairie 
systems and the role of each plant.  Of 231 plants in one patch, each one has a different role and 
flourishes under varying conditions, so the dominant species varies seasonally.  This diversity 
allows recuperation and also serves to protect the overall system even if one species is affected 
by a specialized disease or pest.  Each plant  has a role such as “…the nitrogen fixers, the deep-
rooted ones that dig for water, the shallow-rooted ones that make the most of the gentle rain, 
the ones that grow quickly in the spring to shade out weeds, the ones that resist pests or harbor 
heroes such as beneficial insects.”239  The canopy of taller plants in a natural prairie has been 
observed to protect the under story from adverse weather as powerful as hail storms.240   
…ninety-nine point nine percent of the plants are perennials.  They cover the 
ground throughout the year, holding the soil against wind and breaking the 
force of raindrops.  Hard rain hits the canopy of plants and it either runs gently 
down the stems or it turns into a mist.  By contrast, when rain hits row crops, it 
strikes exposed soil, packs it, then runs off, taking precious topsoil with it.’ 
Researches have actually measured the difference; in identical downpours, they 
found that you get eight times as much runoff from a wheat field as from a 
prairie.241   
 
This serves as a literal and metaphorical example of the benefits of considering community 
design holistically as an entire system, incorporated into an existing ecological and social 
system.  This also demonstrates the significance of collective knowledge.  Traditional ways of 
learning, often required observation and compounded lifetimes of knowledge through 
demonstration, conversation and dialogue between generations.  
                                                 
239.  Benyus, 23.   
240.  Benyus, 25.  
241.  Benyus, 25.   
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     The human component in an ecosystem introduces a social component derived from cultural, 
political, and economical forces.  The significance of the cultural component for  the Ka‘ala 
Farm, Inc. Cultural Learning Center must be considered and respected in the design phases in 
order to contribute a design with the possibility of implementation.  At the same time, there is a 
risk of romanticizing native and traditional practices.   Over-idealized nostalgia can prevent a 
critical understanding of past practices and possibilities of contemporary application.  It is 
crucial to learn from past successes and failures and to maintain that collective knowledge in 
order to prevent recurring catastrophes.  The native Hawaiian ahupua‘a land management 
practice has positive lessons whereas the Rapa Nui (Easter Island) land practices demonstrate 
the extent of suffering that can occur when resources are exploited beyond the carrying capacity 
of a place.  Both lessons are equally applicable to contemporary design. Learning from historical 
examples and case studies does not necessarily require literal replication.   
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CASE STUDIES 
 
 
     Two groups of case studies were selected for this chapter: Local Case Studies and Global 
Case Studies.  Local Case Studies allow a look at other organizations with a similar focus within 
the same community context as Ka‘ala Farm, Inc.  The general overall cultural, social, political, 
and economic setting is essentially the same.  The environmental systems while not identical, 
are immediately connected within the Wai‘anae ahupua‘a.   
     The Global Case Studies were chosen in order to research concepts beyond the local 
community and culture in order to consider design options and concepts beyond the island, 
while still maintaining a level of applicability and relevance to Ka‘ala Farms.  As our economies 
become more globalized and our understanding of the interconnectedness of environmental 
systems expands, it is evident that communities face similar challenges of sustainable living 
across the globe.  Considering the successes and difficulties faced by other communities serves 
as a lessons learned library for communities attempting similar ends.    
     All of the case studies mentioned refer to design precedents as a whole community and 
complete system rather than investigating one architectural solution, renewable energy use, or 
building system.  Severing sites into single lots disconnected from the broader context is 
contrary to sustainable design and development, which requires a holistic understanding of 
complex human-made and nature-made systems.   
     The key design strategies highlighted in the case studies include sustainable use of Energy, 
Water, Food, Shelter, and Waste per the sustainability diagram, Figure i.ii. These topics are 
discussed in relation to quantity, quality, attainability and re-usability.  The integration and 
overlap of these topics requires adequate and continued development of a master plan in order 
to ensure new development or changes to be in balance with overall site impacts.   
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Local Case Studies  
     The two local case studies are farms in the Wai‘anae Valley known to the staff of Ka‘ala 
Farms and seen as partners in a similar mission to improve the community quality of life for 
Wai‘anae residents through stewardship of the land and restoration of culture.  Hoa ‘Āina O 
Mākaha is in the Mākaha valley to the west of Ka‘ala Farm and Mala ‘Ai ’Opio Farm is in the 
Lualualei valley to the east of Ka‘ala Farm, Inc.  All are part of the greater Wai‘anae moku.          
 
Hoa ‘Āina O Mākaha 242 
Figure 3.1 
Location of Hoa ‘Āina O Mākaha in Mākaha Valley in relation to Ka‘ala Farm in Wai‘anae Valley 
 
Image source: Google Earth enhanced with photoshop 
 
                                                 
242.  Hoa ‘Āina O Mākaha, “Aloha, Programs, Curriculum, History, People,”  Wai‘anae, Hawai‘i,  
http://www.hoa-aina.org/aloha.html (accessed March 2008).  
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     Beginning as “Mākaha Farm,” Hoa ‘Āina 
O Mākaha was later named by Puanani 
Burgess with the Hawaiian words meaning 
“Land Shared in Friendship.”243  Referred to 
as “the farm” in the community, the mission 
of the organization is “creating peaceful 
communities in harmony with nature through 
the eyes, hands and hearts of the children."244  
Mākaha Farm came into being in the 1980s under the energy and guidance of Father Luigi 
(Gigi) Cocquio and Father Ed Gerlock who were at that time serving the parish of the Church 
of the Sacred Heart in Wai‘anae Valley.245  The farm began as a simple garden and grew as 
community members were attracted to the chance to participate in cultivating the land to share 
in the abundant harvest and chance to come together. The place began as one of welcomed 
sharing and learning, as it is today.  It is important to note that in conversation with Gigi about 
the significance of the farm and it’s role in the community, that he prefers to discuss the farm in 
terms of relationships, rather than with clinical terms such as “case studies.”  Even the term 
“sustainability” seems to carry with it the nuance of trendy tech jargon.  Gigi’s work at the farm 
is the work of nurturing relationships, deeply rooted in basic human values of peace and 
compassion.  Gigi expresses the necessity of building caring and nurturing relationships with 
the land, the plants, each other, and one’s self.  It is this underlying message that guides his 
lessons for the children and visitors who find refuge, creativity, serenity, and inspiration at the 
garden farm.  Hoa ‘Āina O Mākaha is one of many true community partners with Ka‘ala Farms, 
nothing less than another ‘ohana (family) member of the Wai‘anae moku.     
                                                 
243.  Gigi Cocquio, Ed Gerlock, and Lilette Subedi.  Through the Eyes of Children, Walking and Learning with 
Children (Wai‘anae: Hoa ‘Āina O Mākaha, 2007), 24. 
244.  Hoa ‘Aina O Makaha, “Aloha, Programs, Curriculum, History, People,” Wai‘anae, Hawai‘i,  
http://www.hoa-aina.org/aloha.html (accessed September 2, 2008). 
245. Cocquio, 22. 
 
Hoa ‘Āina O Mākaha webpage artwork portrays an identity 
for the organization. 
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     Hoa ‘Āina O Mākaha holds a twenty-five year lease 
for five acres of land from the Roman Catholic Diocese 
of Honolulu near the Mākaha Elementary School 
property.  The farm serves as a hands-on cultural 
learning center, present in the community since 1979 
and officially a non-profit since 1992.  The programs 
established at Hoa ‘Āina O Mākaha include “farming, 
Hawaiiana, alternative energy, water management, and 
a Peace Center to share values and experiences.”246 
     The farm was begun by Father Luigi (Gigi) Cocquio at the urging of Sister Anna McAnany.  
He moved into a WWII Quonset hut, once part of Hickam AFB, in 1979.  The site needed 
significant work and Father Cocquio found assistance from Brother Ed Gerlock and Eric Enos 
from Ka'ala Farm, who was working with the substance abuse rehabilitation Wai‘anae Rap 
Center at the time.  One of the three quonset huts on site became an Alternative School for the 
Rap Center and the other facility was used to house the Wai‘anae Women's Support Group.  A 
response to growing violence in schools, stemmed out of this organization and became the Peace 
Education Program, which reached the local community, schools around the state, and 
connected with peace organizations throughout the world from 1981-1999.247  
The Wai‘anae Coast Community Mental Health Program/Hale Na‘au Pono, Mākaha 
Elementary School, and the Alcohol and Drug Abuse Division (ADAD) of the Hawai‘i 
Department of Health support the program. ADAD is also supporting the ‘Ohana O Ka 
Mala (Family Gardening) program which seeks to reach out to the parents of the 
Makaha children and to the wider Wai‘anae community.248   
 
By the early 80’s, local community members and teachers with their students were maintaining 
small garden plots on the farm. Currently children practice farming, animal husbandry, learn 
                                                 
246. Hoa ‘Aina O Makaha, “Aloha, Programs, Curriculum, History, People.”  
247. Hoa ‘Aina O Makaha, “Aloha, Programs, Curriculum, History, People.”  
248. Hoa ‘Aina O Makaha, “Aloha, Programs, Curriculum, History, People.”  
Ahupua‘a model by Mākaha Elementary  
students 
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fishing and fish farming skills, as well as how to extract honey from beehives.  The Na ‘Imi Wai 
after school program teaches water quality monitoring procedures and how to record water 
data.  Students also participate in operating a store on the site.  The farm curriculum is brought 
into the home as students learn recipes to prepare the vegetables they grow.  Family member 
participation in volunteer days at the farm equates to a contribution to the school, allowing 
more children to be able to participate in the program and bringing the lessons to a broader 
community to include adults. 
     Energy  
     The farming operations primarily depend on the Hawaiian Electric 
Company (HECO) grid for power.  While this source offers the 
required quantity of energy to run operations, the HECO source is 
derived from fossil fuels.  The monetary cost of energy from this 
source can be considered generally “attainable” requiring 
approximately $400/month for power.   
     Energy independence is shown at the farm on a demonstration 
scale and has recently grown to include solar electric power and solar 
             
Solar panels have been installed on the conference center roof, which is designed utilizing basic passive energy 
principles, open to tradewind breezes.  To the right is one of several solar ovens, built and used by students. 
Image source: author 
 
Solar panel powers a water 
pump 
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hot water heater panels.  Over the long term, abundant renewable solar power is likely to be 
proven as even more economical than HECO power.  The aquaculture tanks use small scale 
solar power panels.  Of primary importance on the farm is manpower for ground maintenance, 
preparation of the soil and irrigation as well as the hands of students to work the garden land.  
Use of the imu, earth oven, smoker, and drying racks are all ways of preparing meats and other 
foods without using electricity.  This is an appealing economically viable option for some 
community members. 
 
     
                               
The earth oven is heated with coals or logs inside the cooking cavity.  The heat source can raise the temperature within the oven 
to 500 degrees.  The heat source is removed and the food is cooked with heat embodied in the stones.  This functions according 
to similar principles as an imu.  The smoker to the right relies on burning logs.  While burning wood is not the most 
environmentally sustainable method of cooking, it is the most economical and available in many parts of the world.  The solar 
ovens and drying racks for salted fish rely on a solar heat source, providing an economical and renewable alternative to wood 
burning.    
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 Water  
     All water used on the site comes from the Honolulu 
Board of Water Supply (BWS).  Therefore the source is 
potable and appears plentiful, although the entire water 
supply for the Wai‘anae moku is strained.  The BWS 
Wai‘anae Watershed Plan indicates the Sustainable Yield 
water use level for Mākaha is 4 MGD and as of the year 
2000 consumed 2.2 MGD.249  Average water use on the 
farm is approximately 5,000 gallons of water per day.  
The farm applies for agricultural water rates each year 
making the resource from the BWS more attainable.  The 
nutrient rich water from the aquaculture tanks is used to 
water taro crops when the tanks are cleaned.  In addition 
to water re-use strategies such as this, there is potential at 
the site for rain water catchment and gray water use.  
Water reduction strategies are used by implementing 
vermicomposting of green waste.      
     Food 
     The students are able to harvest the food they grow 
during the school year, immediately understanding the 
benefit of caring for the land by being able to contribute 
to feeding their families and community.  The garden-
scale farming at Hoa ‘Āina O Mākaha readily translates to 
                                                 
249. City and County of Honolulu, Board of Water Supply, Wai‘anae Watershed Management Plan.   
 
Fish tanks provide nutrient rich water for 
irrigation use 
Image sources: author 
 
Uncle Butch teaching poi preparation 
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backyard applications.  Students also begin learning basic agricultural principles becoming part 
of the conduit of agricultural knowledge necessary to rural agricultural or even subsistence 
communities.  Understanding the source of food beyond the grocery store shelf connects the 
children to nature’s cycles.  Children in turn show their parents how to grow and prepare foods, 
empowering families with the ability to possibly supplement their diet.  Garden vegetables 
become a more economically attainable food source than grocery store produce.   
     The aquaculture tanks offer a way for students to study a relatively closed loop food supply 
system on a small scale, also with backyard applications.  The fish are raised on vegetable 
matter and in turn the fish can be harvested while the waste water from the tanks is returned to 
fertilizing the garden soil. 
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     Shelter 
     The property “dwellings” consist of a 
residential/caretaker building, an office, and a 
conference center.  The philosophy of material use 
on the site is to make do with what is available. 
The facilities on the site demonstrate re-use as 
the military quonset huts were converted into 
work space.  The additional facilities are wood 
structures.  Use of earthen structures is 
demonstrated through the construction and use of 
solar earth ovens by the student groups who visit 
the farm.  Salvage and re-use of materials where 
possible is the most economic strategy.  Materials 
from the mainland are high cost both in a 
monetary and embodied energy sense.  
 
 
    
     The renovated Quonset hut with small passively ventilated structure to the left (and wood cut out of  
     Gigi) 
 
 
 
The hale 
Image sources: author 
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     Waste 
     Recycling, vermicomposting, aquaculture water re-use, and facility re-use all reduce waste.  
Using renewable energy resources such as solar power also reduces the less visible carbon waste 
of fossil fuels.  The farm setting with vegetables, animals, and open land area allow natural 
systems to function and interact as they relate to each other in a more natural order that occurs 
when biodiversity is allowed.   
     Hoa ‘Āina O Mākaha Summary 
      Ka‘ala Farms staff have indicated the 
desire to use Hoa ‘Āina O Mākaha as a 
model for their operations.  The integration 
of the Hoa ‘Āina O Mākaha Learning 
Center with the community works through 
their relationship with the local 
Department of Education.  This affiliation 
with an established and funded institution provides a measure of stability and organization to 
the school groups who visit the farm.  The farm serves to demonstrate methods for working the 
land as well as to provide the means by offering plots to community members to cultivate.  The 
direct relationship between farm labor and the product, food, is something viscerally understood 
and immediately applicable.  The value of this knowledge and program are experienced by both 
the children and their families.    
 
Biodiversity is facilitated on the farm 
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Mala ‘Ai ’Opio Farm (MA‘O) 
     Mala ‘Ai ‘Opio Farm was established as a non-profit in Wai‘anae in 2000 and is directed by 
Kukui Maunakea-Forth.  By 2003, it became a certified organic farm by the Hawai‘i Organic 
Farmer’s Association (HOFA) and currently includes 16.5 acres of farm land with a 25-year 
lease from the Community of Christ Church. 250  The project was founded with the intent:  
To empower our community and work for a more self-reliant and sustainable Hawai‘i, 
the Wai‘anae Community Re-Development Corporation (WCRC) created the MA‘O 
Community Food Security Initiative.  MA‘O is the acronym for mala ‘ai ‘opio, which 
translates as ‘the youth food garden’, a movement to develop a comprehensive and 
living local food system—educating youth, fighting hunger, improving health and 
nutrition, growing the organic agriculture industry—to empower our community to 
move towards self-sufficiency.251 
 
                                                 
250. Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm.” Third National Business Plan Competition for Nonprofit Organizations, 
http://www.ventures.yale.edu/docs/2005%20conference/plans/Waianae.pdf (accessed April 2008). 
251. Mala ‘Ai ‘Opio, “MA‘O Organic fruits and Vegetables,” Wai‘anae, Hawai‘i, 
http://www.maoorganicfarms.org/index.php/site/moolelo_cfs/ (accessed March 12, 2008). 
  
Figure 3.2 
Mala ‘Ai ‘Opio in Lualualei Valley in relation to Ka‘ala Farm in Wai‘anae Valley 
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The WCRC established the Mala ‘Ai ’Opio Food Security Initiative in 2001 as a project “to 
create a community food system to fight hunger, improve nutrition, strengthen local agriculture 
and empower local families to move towards self-sufficiency.”252  Funding for the project was 
provided to the WCRC through the U.S. Department of Housing and Urban Development and 
the U.S. Department of Health Administration for Native Americans (ANA).253   
  The primary MA‘O projects include  
• the organic farm production of twenty-five varieties of fruits and vegetables,  
• the ‘Ai Pohaku Workshop teaching traditional Hawaiian agriculture practices to 
students and families through Wai’anae Intermediate; 
• the Wai’anae High School Ka‘aihouna organic garden project;  
• the Leeward Community College Associate of Arts degree and Youth Leadership 
Training internship program; and  
• the Wai’anae Organic Ag Center working with “Leeward Community College and U.S. 
Department of HUD to establish and expand expertise in the fields of tropical organic 
agriculture.254  
 
MA‘O works with research and training efforts in collaboration with University of Hawai‘i’s 
College of Tropical Agriculture and Human  Resources (CTAHR) and Leeward Community 
College (LCC) programs.255  MA‘O has financial stability while reaching the community by 
selling produce to local restaurants, the Aloha ‘Aina Café, local farmers markets, and grocers 
such as the Kokua Natural Foods Cooperative and Whole Foods.  Key to the purpose of MA‘O, 
is involvement of community local youth in all aspects of the farm.  MA‘O objectives for the 
farm are to: 
• Increase productive land from 2.5 to 5-acres by the end of 2007, and expand to ten acres 
by 2010; 
• Distribute 50% of produce to the Wai‘anae community at affordable prices; 
• Provide employment, as well as business and sales training to Wai‘anae Youth; 
• Conduct research and provide advanced training in organic agriculture and community 
food systems; 
                                                 
252. Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm.” 
253. Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm.” 
254. Mala ‘Ai ‘Opio, “MA‘O Organic fruits and Vegetables.” 
255. Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm.” 
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• Work collaboratively with WCRC’s other programs to support the development of 
young people; and 
• Restore idle land to productive use.256      
 
 The soil itself was cultivated into an organic farm.   
In 2002, MA’O began composting locally 
sourced animal manures and incorporating 
them into the soil.  We planted leguminous 
cover crops like sunn hemp that fixed nitrogen 
and increased organic matter.  We started 
raising vegetables on 5-acres of leased lands 
according to strict organic principles as spelled 
out in the USDA’s National Organic 
Program.257   
 
MA‘O serves to raise awareness of food security issues 
on O‘ahu and to demonstrate sustainable agriculture 
practices. There are currently only nine organic farms 
on O‘ahu equating to less than 50 acres of land serving 
a potential market of 870,000 consumers.258  Over 80% 
of all fruits and vegetables and over 90% of organic 
produce in Hawai‘i is imported, according to the 
HOFA.259  Sustainable agriculture is in response to 
typical farming practices in the United States, which 
have focused on industrial methods of high yield 
production at the expense of soil and water quality, 
biodiversity and has disintegrated communities of small 
farmers as only mega-farms have been able to survive 
                                                 
256. Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm.” 
257. Mala ‘Ai ‘Opio, “MA‘O Organic fruits and Vegetables.” 
258. Mala ‘Ai ‘Opio, “MA‘O Organic fruits and Vegetables.” 
259.  Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm,” 10.    
 
 
 
Recognizable logo on the MA‘O truck, 
products, and website announce their 
community presence, raising awareness. 
 
Image sources: author and   
http://www.maoorganicfarms.org/ 
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the economic demands.260  In contrast, sustainable agriculture “promotes biodiversity, recycles 
plant nutrients, protects soil from erosion, conserves and protects water, uses minimum tillage, 
and integrates crop and livestock enterprises on the farm.”261  
     Challenges to success in organic farming in Hawai‘i are the cost of land and ability to procure 
long-term leases.  At the time of the publication of MA‘O’s business plan, the “average cost of an 
acre of undeveloped farmland in Wai‘anae is now over $80,000.”262  Farming can easily be cost 
prohibitive and pressure from developers is constant.   
For most farmers, the typical lease price of $125 per acre 
per month is more within reach.263  However, leases are 
typically five years or less, causing difficulties in an 
endeavor which requires soil conditioning and time for 
crop growth before reaping benefit from the initial 
investment.  “Best practice organic agriculture requires 
an investment in soil building/conditioning, which means 
income generation does not start until late in year one of 
an operation, at the earliest.  Also, there should be periods 
where fields are left fallow and cover crops are planted, as 
this improves soil quality.”264 
     Energy 
     Since the MA‘O Farms property is subleased, they do not pay the electric bill and have ample 
electricity ultimately via HECO.  The use of passive energy natural day lighting is implemented 
                                                 
260. Richard Earles, “Sustainable Agriculture: An Introduction,” revised by Paul Williams,  National    
Sustainable Agriculture Information Service, 2005, http://www.attra.org/attra-   
pub/PDF/sustagintro.pdf (accessed April 2, 2008).   
261. Earles, 2.  
262.  Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm,” 12.   
263.  Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm,” 12.  
264.  Yale School of Management, The Goldman Sachs Foundation Partnership on Nonprofit Ventures “MA‘O Youth 
Organic Farm,” 12.   
 
Gary Maunakea-Forth on the tractor 
 
Image source: author 
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when possible for facilities and energy efficient refrigerator units are used. The trade winds 
provide natural ventilation and cooling through the open structures. The primary facilities on 
the property requiring power include a container building shed with office, classroom, packing 
area, outside space as class and food prep area.  For the new MA‘O property parcel, they have 
recently had a vendor evaluate the roof slope and structural capacity on the old chicken coop 
buildings for solar panels.  They are willing to make the initial investment for the long term 
benefits of having a sustainable, independent, and renewable power source. 
     Farm operations are heavily dependent on hand labor and manpower, although there are (2) 
tractors in use.  The produce delivery aspect of the operation requires averages 15,000 miles per 
year of trips to the market. 265  This fuel and carbon footprint component will be expected to 
increase as the demand for organic products increases as MA‘O deliveries increase. 
     Water 
     MA‘O water is from the city and County of Honolulu 
Board of Water Supply.266  Currently there are no rainwater 
catchment or grey water recycling strategies on the site.  
Past statistics show that approximately 12,000 gallons of 
water per day are used to irrigate the 16.5 acres of fields 
with the following distribution: 
- 1/3 to annual greens 
- 1/3 to perennial crops 
- 1/3 bananas 267 
 
The MA‘O Farm Conservation Plan outlines strategies for 
ensuring prevention of water run off which could be 
                                                 
265. Michael Berry, Meleana Judd, A. Tai McClellan, Grant Takayesu, and John Carl Watson,  “MA‘O Farm  
Conservation Plan, Wai‘anae O‘ahu,”  Management 467 coursework (University of Hawai‘i, Mānoa,   
Department of Natural Resources and Environmental Management May 2007), 8. 
266.  Berry, 20 
267.  Berry, 20 
 
Rain clouds deposit fresh water in the 
mountain saddle, the source for 
replenishing the stream parallel to the  
MA‘O property. 
 
Image source: author 
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contaminated from farming operations and should be monitored for “unacceptable levels of 
sediments, pathogens, nutrients, chemicals, and salts in the water.” 268 
     Reduction of water requirements can have a significant impact in preserving water quantity 
and quality.  Water reducing irrigation strategies and focusing on crops with low water 
requirements are initial planting and infrastructure decisions which impact water requirements.  
Techniques such as the use of windbreaks help reduce water requirements by not only 
protecting crops from damage and preventing erosion, but also by reducing 
evapotranspiration.269  Composting is a significant contributor to resource reduction as well.  
Concepts for water reduction in agricultural use are presented in the “MA‘O Farm Conservation 
Plan.” 
     Food 
     The organic farm products are 
distributed to local grocers, farmers 
markets, schools and restaurants.  The 
MA‘O operation is a significant source of 
fresh produce for the community, 
impacting the island food supply.  Just as 
important as where the food comes from, 
is how food is raised.  Farming operations 
are organic certified and therefore, use as little chemical input as possible.  The materials are 
natural.  For example, weed control is managed by hand and mulch.  Pest control is achieved 
through application of benign household ingredients listed in the appendix of the “MA‘O Farm 
Conservation Plan” which also recommends pheromone traps. 
                                                 
268. Berry, 20 
269. Berry, 22 
 
New plantings 
 
Image source: author 
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     The farming materials for compost, pest control and other soil inputs are locally procured 
and produced when possible.  Soil inputs include cow manure, blood and bone meal, sulfate of 
potassium, green sand, chicken manure foliar tea, potting mix, power organics mycorrhizal root 
booster, and Acadian soluble seaweed extract.270  Many of these inputs can be procured from 
other local farming operations. 
     Shelter 
     The facilities at MA‘O are minimal and focus on re-use.  The main office is a modular 
container and the classroom space is an outdoor area, the gathering space created by a canopy.  
The owners are currently considering possible re-use of recently acquired chicken coops.  They 
are considering conversion of these structures into processing facilities, powered by solar 
panels. 
     Waste 
     As described in previous sections, strategies of material re-use through composting, 
mulching, and using animal manure, blood and bone meal as fertilizer are all effective strategies 
in incorporating what are typically considered waste products back into the growth cycle.  
While not all of these materials are produced on the farm, using them from other local sources 
                                                 
270. Berry, 14.  
      
        The recently acquired MAO property has chicken coop structures which will be re-used for packaging operations.        
        The main meeting and gathering space pictured at right is outside of the office. 
Image source: author 
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alleviates waste accumulation from other operations.  This is an example of the importance of a 
community network that allows trading of skills, knowledge, materials, and products to make a 
more holistic production network, again similar to complex natural ecology systems. 
     While materials for the farming operations, including water and power are attainable, gray 
water re-use strategies, catchment and rainwater harvesting could all reduce the need for 
potable BWS input.         
     MA‘O Summary 
     Not described enough in this section, is 
the role Kukui and Gary Maunakea-Forth 
have in the Wai‘anae moku community.  
They are generous with their time and 
involvement, while also personally laboring 
on the farm and running the business 
aspects of the operation.  They have 
dedicated themselves to teaching youth on 
their farm, serving as patient kumu 
(teachers).   The internship program with Leeward Community College provides local job 
training, producing young farmers who in turn can spread the knowledge of organic farming 
methods among their neighborhoods and communities.  Teaching programs, curriculum and 
training could cross boundaries between Ka‘ala Farms and MA‘O.   
     MA‘O functions as a sound business with a sustainable economic model and income enabling 
them a level of economic independence.  Weaning themselves from reliance on grants allows 
that funding to be available for other start-up efforts truly in need and also allows MA‘O to give 
back to the community through scholarships and other incentives for their education programs.  
The relationship with LCC is an example of similar possible relationships Ka‘ala Farms could 
 
The work schedule is posted outside - students learn 
organic farming as well as accountability and 
responsibility. 
Image source: author 
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have with LCC or UH in addition to the educational relationships they have already established 
with Wai‘anae schools.  Ka‘ala Farms could also benefit from an experienced full-time individual 
dedicated to running the business aspects of the organization.    
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Global Case Studies 
Overview 
     The three case studies reviewed in this section include the following communities: 
- Kibbutz Lotan, Israel 
- Beddington Zero Energy Development (Bed ZED), Beddington UK 
- Finca Esperanza Verde, Nicaragua  
 
Each of these communities has derived sustainable strategies for living through diverse 
intentions and purposes.  The kibbutz grew from a primarily social agenda with specific 
religious, political, and cultural intentions.  The need for sustainability occurred as an evolution 
because the kibbutz communities were isolated from typical resources.  Bed ZED was developed 
as a direct response to environmental degradation caused by typical housing developments and 
was designed as a land use strategy for brownfields.  The community was designed with the 
intent to reduce net energy use and resource consumption.  Finca Esperanza Verde came to 
fruition in response to dramatic social inequalities and economic need.  Despite differing goals, 
purposes, and cultures, all of these communities turned to sustainable design solutions to shape 
their communities, modeling a shifting global awareness of the human and ecological web for 
contemporary living.  Each of these examples has aspects of their development and strategies 
relevant to the Wai‘anae community and to Ka‘ala Farm, Inc. 
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Kibbutz Lotan, Israel 
 
Sustainability driven by social, political, and cultural forces  
 
     Kibbutz Overview 
     Ka‘ala Farm, Inc. has identified the Kibbutz typology as a community model.    “The kibbutz 
(Hebrew word for ‘communal settlement’) is a unique rural community; a society dedicated to 
mutual aid and social justice; a socioeconomic system based on the principle of joint ownership 
of property, equality and cooperation of production, consumption and education; the fulfillment 
of the idea ‘from each according to his ability, to each according to his needs;’ a home for those 
who have chosen it.”271  The legal definition of a kibbutz according to the Cooperative Societies 
Register is  
“... a voluntary collective community, mainly agricultural, in which there is no private 
wealth and which is responsible for all the needs of its members and their families. 
(Encyclopedia Judaica, 1969).  ...[An] organization for settlement which maintains a 
collective society of members organized on the basis of general ownership of 
possessions. Its aims are self-labor, equality and cooperation in all areas of production, 
consumption and education."272  
 
      The first kvutza, or group, began in 1910 as a group of Jewish immigrants from Eastern 
Europe who settled on the Sea of Galilee coast.273  The analogy of a people exiled or separated 
from their lands between native Hawaiians and the Jewish community is not lost, both requiring 
strategies for the survival of a culture within a dominating culture of differing values, social 
structure, and political composition.  The kibbutz is an enduring successful community typology 
which has been flexible enough to change structure in order to accommodate the changing 
economy and values of the members.  It is believed that “120,500 people live in 269 kibbutzim 
                                                 
271. The Jewish Virtual Library, “The Kibbutz,” The Jewish Virtual Library, Chevy Chase, Maryland: The  
American Israeli Cooperative Enterprise (2008), http://www.jewishvirtuallibrary.org/jsource/ 
Society_&_Culture/kibbutz.html (accessed February 2008). 
272. Jon Fidler, “Kibbutz: What, Why, When, Where,” (Chevy Chase, Maryland: The Jewish Virtual Library, The 
American Israeli Cooperative Enterprise, 2008)  http://www.jewishvirtuallibrary.org/jsource/  
Society_&_Culture/kibbutz.html (accessed February 2008). 
273. Fidler, “Kibbutz: What, Why, When, Where.” 
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across Israel, from the Golan Heights in the north to the Red Sea in the south.”274  Another 
source records “…over 250 villages, up to 150,000 people, spread throughout the land” in 
kibbutz.275  The modern kibbutz  
… seeks a subtler balance between collective responsibility and individual freedom, with 
an emphasis on community and values. Its drawing points include a safe environment, 
usually in the heart of nature, away from the cities scarred by suicide bombings; 
excellent day care and education; and an improved quality of life at out-of-town 
prices.276  
 
Between 1988 and 2005, 52,000 people left kibbutz.277  However, the next generation of kibbutz 
are returning to the communities.  In order to survive as a community in contemporary times, 
kibbutz have changed their economic approach and contribution.  Between 1997 and 2006, 
“kibbutzim have gone from a collective debt of NIS 700 million to a NIS 1.2 billion profit, 
accounting for 12% of all Israeli exports.”278 
     There are repeating patterns in kibbutzim community plans.  
The residential area encompasses carefully-tended members' homes and gardens, 
children's houses and playgrounds for every age group, and communal facilities such as 
a dining hall, auditorium, library, swimming pool, tennis court, medical clinic, laundry, 
grocery and the like. Adjacent to the living quarters are sheds for dairy cattle and 
modern chicken coops, as well as one or more industrial plants. Agricultural fields, 
orchards and fish ponds are located around the perimeter, a short tractor ride from the 
center. To get from place to place within the kibbutz, people either walk or ride bicycles, 
while electric carts are provided for the disabled and elderly. 279 
 
Kibbutz operate as a democracy with a general assembly of all members making decisions 
regarding policy, membership, finances, and officer elections.  The community members are all 
enabled to express their views in these assemblies.280  Elected committees and chairpersons 
                                                 
274. Fidler, “Kibbutz: What, Why, When, Where.” 
275. Jan Martin Bang, Ecovillages: A Practical Guide to Sustainable Communities (Edinburgh: Floris Books, 2005), 
17.    
276. Isabel Kirshner, “The Kibbutz Shed Socialism and Gains Popularity,”  International Herald Tribune   
Online, (August 26, 2007) http://www.iht.com/articles/2007/08/27/africa/27kibbutz.php (accessed  
February 2008). 
277. Amnon Rubenstein, “Return of the Kibbutzim,” The Jerusalem Post Online (July 11, 2007)  
http://www.jpost.com/servlet/Satellite?pagename=JPost% 2FJPArticle%2FShowFull&cid=1184063443552 (accessed 
February 2008). 
278. Rubenstein, “Return of the Kibbutzim.” 
279. The Jewish Virtual Library, “The Kibbutz.” 
280. The Jewish Virtual Library, “The Kibbutz.” 
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manage daily affairs, some positions being additional duties and some serve as full-time 
managers.281  Community members often have jobs within or outside of the kibbutz and have 
been resourceful in responding to changes in the economy.   
For the founders, tilling the soil of their ancient homeland and transforming city 
dwellers into farmers was an ideology, not just a way to earn a livelihood. Over the 
years, kibbutz farmers made barren lands bloom, with field crops, orchards, poultry, 
dairy and fish farming, and-more recently-organic agriculture becoming the mainstays 
of their economy.   Through a combination of hard work and advanced farming 
methods, they achieved remarkable results, accounting for a large percentage of Israel's 
agricultural output to this day.282   
 
This aspect of working the land has been integral to the survival of kibbutz.  The kibbutz did 
not begin with an environmental agenda per se, but because of their self-sustaining way of life 
and often removal from typical infrastructure, kibbutz have come to value sustainable practices.   
     Many kibbutz have employed strategies for sustainable living with an ecological approach 
synonymous with other examples of Ecovillages.    
Kibbutz Establishment 
Date 
Kibbutz  
population 
Site 
Challenges 
Design Strategies 
Kibbutz 
Samar 
 
 
1977 180 Isolated site • solar power 
• mud and palm leaf housing 
Kibbutz 
Ketura 
 
 
 
 
 
 
1973 225 Water 
sources 
require deep 
aquifers or 
piping 
• Established experimental farm to 
determine drought resistant crops 
• Marketed fruit juices and jams from 
drought resistant crops 
• Grew medicinal plants for a global 
market 
• Tel Aviv University set up a degree 
standard ecology class involving the 
site 
Kibbutz 
Lotan 
 
 
 
 
 
 
1984 
 
150 Isolated site 
and soil 
quality 
• Established a Permaculture Field 
School; site as demonstration area 
• Composting/mulching kitchen waste  
• composting toilet 
• strawbale and mud 
• self-built recycling center focusing on 
reuse; recyclables are organized and 
stacked so that items can be re-used 
Table 3.1: Comparison of Ecovillage Kibbutz283 
                                                 
281. The Jewish Virtual Library, “The Kibbutz.”  
282. The Jewish Virtual Library, “The Kibbutz.”  
283. Bang, 46-48, 146-149, & 178-181. 
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     Kibbutz Lotan Design Strategies 
     The Kibbutz Lotan community is 
situated in the South Israel Arava 
Desert straddling the Israel and Jordan 
border.  As part of the 165 km Dead Sea 
rift valley, the Arava Valley is 5-15 km 
wide.284  Precambrian and tertiary rock 
mountains rise from the arid valley 
floor on both sides.285  The Kibbutz 
Lotan community is identified with the 
Israel Movement for Progressive 
Judaism and the Green Kibbutz 
Movement.286  Lotan is a143 acre site owned by the community members and sustains 
approximately 100 members with an additional perpetual guest population of approximately 25 
visitors.287  As a member of the Global Ecovillage Network (GEN), Lotan received the 2006 
Ecovillage Excellence award “in recognition of its work in promoting ecological building, waste 
management and environmental education; and also for its work in promoting sustainability 
through the building of bridges between different ethnic groups in Israel.”288  The Kibbutz 
Lotan “economy is based on date plantations, dairy, tourism, holistic health center, field crops, 
                                                 
284.  Gidon Baer, Amos Bein, Avi Burg, Ran Calvo, and Moshe Shirav-Schwarz, “Red Sea – Dead Sea Conduit: Geo 
Environmental Study Along the Arava Valley,”  Ministry of National Infrastructures, Geological Survey of Israel, State 
of Israel (Jerusalem, Israel: Middle East Regional Cooperation Program, Bureau for Global Programs and US Agency 
for International Development, December 2006)  
http://www.foeme.org/docs/GSI_Arava%20_29.06.pdf (accessed November 25, 2008), 3.   
285.  Baer, 3. 
286. Fellowship for Intentional Community (FIC),“Kibbutz Lotan; Southern Arava, Israel,” Intentional  
Communities, Dexter, Oregon, http://directory.ic.org/4121/Kibbutz_Lotan (accessed February 2008).   
287. Fellowship for Intentional Community (FIC),“Kibbutz Lotan; Southern Arava, Israel.” 
288. Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together,”  D.N. Hevel Eilot, Israel,  
2005, http://www.kibbutzlotan.com/community/ecology/index.htm (accessed February 2008).   
 
 
Figure 3.3 
Kibbutz Lotan straddles the border between Israel and 
Jordan 
Image source: Google Earth 
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mariculture [seawater aquaculture] and various professions held by members who work outside 
of the kibbutz.” 289 
     Education, community building, and outreach are significant tenants of the Kibbutz Lotan.  
Lotan’s Center for Creative Ecology is rooted in ‘Tikun Olam’ -- the Jewish concept for 
repairing and transforming the world…It began with a small desert organic garden, 
and expanded to include an ecological theme park, migratory bird reserve and nature 
trails…It now includes alternative building construction within the kibbutz and in the 
region and the establishment of a unique desert ecological education center that 
combines hands-on, experiential environmental education in creative recycling, organic 
gardening and alternative building techniques with Jewish values within the framework 
of a living community making progress towards sustainability. 290 
 
     Education of natural and recycled materials, sustainable systems, as well as principles of 
living in community are integral to the curriculum of the Center for Creative Ecology: 
Students on the course live in the GA [Green Apprenticeship] eco-campus – a 
prototype model for sustainable living that is a learning experience in itself. Living 
quarters are super-insulated straw-bale and mud geodesic domes, built on-site by 
previous course participants. Passive cooling systems are employed to combat the desert 
heat. Electricity is almost entirely from alternative energy sources. Composting toilets 
and grey-water systems help conserve water. The daily challenges of living together as 
a micro-community in this low-impact environment form an integral part of the 
educational experience of the course.291  
 
The comprehensive and holistic approach to sustainable living is evident in the list of course 
topics at the Center for Creative Ecology which include:  
• Local food production  
• Permaculture  
• Ecological design  
• Natural & alternative building techniques  
• Israeli and international eco-projects  
• Sustainable technologies  
• Community economics  
• Environmental ethics  
• Sustainable community 292 
 
                                                 
289.  Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together.”   
290.  Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together.”   
291.  Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together.”   
294.  Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together.”   
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This range of topics indicates an approach which addresses sustainability through community, 
technology, nature, and culture.  These concepts are taught through practical work through 
activities such as: organic gardening; natural building with mud, straw, straw bales, tires, and 
junk; creative recycling project; day to day operations of the Center for Creative Ecology, and 
development of the bird reserve and nature trails.293 
     Energy 
     According to the Kibbutz Lotan website, the majority of the energy for the site is provided 
by renewable resources.  The energy sources are primarily grid electric with some hot water 
(25-50%) from solar hot water panels and a few buildings have solar electricity.294 The 
remoteness of the desert site, like other rural sites around the globe, makes the kibbutz a prime 
candidate for renewable resources that do not require significant dependence on intensive 
infrastructure systems.  
     Within the kibbutz, the main source of transportation is pedestrian and bicycle.  According 
to Leah, a Kibbutz Lotan member:  
To get to neighboring communities we have a regional bus system and we collectively 
share 5 vehicles for our community. The farthest ‘typical trip’ is to the nearest city, 
Eilat, which is about 50 km away. The average family goes there once/month. We have 
a shopping trip there once/two weeks--members write down what they want and one 
driver makes all the purchases for the community. The school is about 15 km away and 
the kids and teachers who live here travel that by bus.295 
    
Some members work outside of the kibbutz and these trips can be incorporated with 
commuting.   
     Water 
     Water quantity, quality, and attainability are considerable challenges in a desert setting.  
The main drinking water source is desalinized well-water.296  The Arava Valley receives less 
                                                 
293. Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together.”   
294. Leah Zigmond, Kibbutz Lotan, Email message to author, July 2 2008, and July 7, 2008.  
295. Zigmond, Kibbutz Lotan. 
296. Zigmond, Kibbutz Lotan. 
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than an average of 50mm of annual rainfall and ground water can be more than 100m deep.297  
There is evidence of 3 or 4 main aquifers in the Arava Valley area as well as wadis which run 
out the mountain base.298  Settlements in the area have been known to use qanat systems for 
irrigation and water management.299  The gravity fed qanat tunnel system for transporting 
water prevents evaporation, an effective method of water transport in arid areas.  It functions 
like inserting a giant drinking straw into the base of a mountain.  
     Further water use techniques as described in manuals such as Rainwater Harvesting for 
Drylands and Beyond by Brad Lancaster give ideas beyond using only rain barrels for catchment 
to land forming strategies to make the most of irrigation water by mimicking dry ecology 
systems.   
 
                                                 
297. Dale R. Lightfoot, “Jordanian Qanat Romani,” WaterHistory.org.  http://www.waterhistory.org/  
histories/jordan/ (accessed October 15, 2008),7. 
298. Baer, “Red Sea – Dead Sea Conduit: Geo Environmental Study Along the Arava Valley.”   
299. Lightfoot, “Jordanian Qanat Romani.” 
          
Figure 3.4 
Typical landscaping compared to rain water harvesting techniques through land formation. 
 
Image source: Lancaster, http://www.desertharvesters.org/pressvideostories/ 
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     Food 
     The kibbutz practices organic gardening and is able to provide 6-20% of food needs for the 
community.300     Choosing native plantings is important to water conservation and sustaining 
the food supply.  Kibbutz Lotan also practices the principles of permaculture.  Bill Mollison and 
his student David Holmgren studied the idea of permaculture at the University of Tasmania in 
the mid-seventies at a time when natural science studies were compartmentalized and systems 
were taught and studied piecemeal rather than as complete entities.301  From these studies, 
Permaculture One was published in 1978.  Even today, the idea of “… taking ecological cycles and 
using them as design patterns may seem obvious when it comes to gardening and farming, a 
little less so when we build a house, and probably quite foreign to those designing a business, an 
economic system or a process for group decision making.”302  
Permaculture is about designing sustainable human settlements.  It is a philosophical 
and practical approach to land use integrating microclimate, functional plants, animals, 
soils, water management and human needs into intricately connected, highly productive 
systems.  It presents an approach to designing environments that have the diversity, 
stability, and resilience of natural ecosystems.  It seeks to regenerate damaged land and 
preserve environments which are still intact.303    
 
Permaculture refers to natural patterns as models for design solutions.   
Permaculture encourages individuals to be resourceful and self-reliant and to become a 
conscious part of the solution to the many problems which face us both locally and 
globally.  Permaculture means thinking carefully about our environment, our use of 
resources and how we supply our needs.  It aims to create systems that will sustain not 
only for the present, but also for future generations.  The idea is one of co-operation 
with nature and each other, of caring for the earth and its people.304   
 
This relationship with the land can be translated into the Hawaiian phrase often heard when 
discussing ideas of sustaining modern island communities as mālama ‘āina. 
                                                 
300. Fellowship for Intentional Community (FIC),“Kibbutz Lotan; Southern Arava, Israel.” 
301. Bang, 44.  
302. Bang, 49.   
303. Bang, 45.   
304. Bang, 49.   
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     Shelter 
     “In its continuing efforts 
to find creative solutions to 
environmental challenges, 
Kibbutz Lotan has been 
experimenting with straw 
bale construction. As a means 
to provide super-insulation in 
housing and public spaces, 
Lotan members have adapted 
this ancient/new technology 
to their specific desert 
surroundings.”305  Irrigation 
pipe pieces are being used in combination with hundreds of date palm branches to create a 
triangle framework like Buckminster Fuller’s geodesic dome structures.  An interwoven 
covering of creepers and vines creates a skin for the structure.306  The construction of these 
structures demonstrates a way to build with renewable and recycled materials, while reducing 
the overall material requirements.  “Less surface area also means that there is less wall space 
through which heat can escape, so domes tend to stay warmer and waste less energy than 
rectangular buildings.” 307  The renewable building materials such as date palm and earthen 
plaster is immediately locally available.   
                                                 
305. Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together.”   
306. Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together.”   
307. Kibbutz Lotan, “Kibbutz Lotan; Where Desert and Spirit Come Together.”   
 
Earthen structures at Kibbutz Lotan 
Image Source:  
Kibbutz Lotan, “Kibbutz Lotan;  
Where Desert and Spirit Come Together.”   
   
166 
     Waste 
     Waste prevention through re-use of materials, use of organic building materials, and 
composting ensures output from various functions is used as input for shelter, soil preparation 
for food, and earthworks such as trail building and garden bed construction.  The isolation and 
independence of this community is motivation for addressing solid waste issues.  Without 
curbside trash service, there is motivation to re-use materials as well as to avoid initially 
purchasing materials with excessive packaging.  The community has a rigorous recycling 
program where re-useable items are sorted, cleaned and stacked in an accessible area.  Sharing 
re-useable containers and materials prevents the accumulation of waste.      
     Kibbutz Lotan Summary 
     Like Kibbutz Lotan, Ka‘ala Farm, Inc. is driven to sustainability through social, political and 
cultural reasons while seeking peace within the context of a differing dominating cultural 
context.  Kibbutz Lotan’s visitor population and education programs are important to their 
economic stability.  Kibbutz Lotan offers courses through their Green Apprenticeship program 
in partnership with Gaia Education.  They currently offer an Ecovillage and Permaculture Design 
course.  Additionally, they offer workshops and courses in peace studies and alternative building 
materials through design/build.  They host youth programs, tours and offer seminars to 
individuals and to groups.  They are open to educational and cultural exchange.  Tuition for 
these programs in turn sustains their continuation and ability to continue serving the 
community.  Members of Kibbutz Lotan would likely describe this community not so much as 
immediate neighbors, but as a greater network of people sharing their spiritual beliefs.  Use of 
the internet enables the Kibbutz Lotan to reach a global audience, despite their geographic 
isolation.       
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Beddington Zero Energy Development (BedZED), Beddington UK 
 
Sustainability instigated by energy use, brownfield development and environmental 
concerns   
 
     “If everyone in the world lived 
as average UK residents do, we 
would need the equivalent of three 
planets to support us. BedZED was 
built as a remedy to our current 
unsustainable lifestyle, and to show 
that we already have the capacity 
and expertise to build and live 
sustainably if we choose to.”308  The 
overall BedZED concept was 
“driven by the desire to create a net 'zero fossil energy development', one that will produce at 
least as much energy from renewable sources as it consumes. Only energy from renewable 
sources is used to meet the energy needs of the development. BedZED is therefore a carbon 
neutral development - resulting in no net addition of carbon dioxide to the atmosphere.”309  This 
is similar to the concept of the Carnegie Mellon project entitled Building as Power Plant which 
involved the design of a campus structure which was so efficient that it actually produced 
energy rather than consumed it with excess to power surrounding structures.310  BedZED is a 
development contrived by the Peabody Trust with the expertise of Bill Dunster Architects, 
                                                 
308.  Sustainable Development Commission, “Case Study Detail,” Whitehal Place, London, http://www.sd-
commission.org.uk/communitiessummit/show_case_study.php/00035.html (accessed April 15, 2008). 
309.  Peabody, “BedZED,” http://www.peabody.org.uk/pages/GetPage.aspx?id=179 (accessed 10 April). 
310.  David Archer, Rohini Brahme, and Volker Hartkopf, “Research, Development and Demonstration   
Initiative: Building as Power Plant,” Center for Building Performance and Diagnostics Carnegie Mellon University,  
http://www.arc.cmu.edu/bapp/Overview/Concept-Paper.pdf (accessed March 23,  
2007). 
 
 
Figure 3.5 
The unique BedZED footprint is evident 
 
Image source: Google Earth 
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BioRegional Development Group, ARUP, Ellis and Moore, and Gardiner and Theobald.311  The 
land for the mixed-use mixed-tenure 99 housing unit community was purchased as reclaimed 
land from the London Borough of Sutton.312  
     While this project is more urban than the rural Ka‘ala Farm, Inc. Cultural Learning Center 
and Wai‘anae community, the BedZED project was executed with similar values in mind.  The 
community was created to show the feasibility of building a sustainable place within the 
contemporary culture of Britain, also an island with finite resources. The designers wanted to 
create an example of a project that could  
reconcile higher-density living with an improved quality of life, protect agricultural and 
green belt land from urban development, reduce the global environmental impact of 
urban regeneration in the UK, support local economies and communities, source good 
materials and energy within the local bioregion.313   
 
BedZED is a valuable case study because it is immediately relevant having been completed in 
2002, has published design strategies and has been closely monitored and openly evaluated.  
The design strategies reviewed take climate differences into account and consider only those 
concepts that are appropriate to the O‘ahu setting.   
      Using the three-pronged definition of sustainability as an economic, social, and 
environmental issue, BedZED was designed to meet goals in the following areas: 
• environmental – low-energy and renewable fuel, including biomass combined 
heat and power (CHP) and photovoltaics (PVs), zero net carbon emissions, 
water saving, reclaimed materials, Green Travel Plan, biodiversity measures, 
and private gardens for most units  
• social – mixed tenure, two-thirds affordable or social housing, lower fuel costs, 
healthy living centre, community facilities, sports pitch and ‘village square’, 
crèche, café  
• economic – locally sourced materials, workspace for local employment and 
enterprise, locally available renewable energy sources.314  
 
                                                 
311. Peabody, “BedZED.” 
312. Peabody, “BedZED.”    
313. Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” General 
Information Report no. 89, Government Energy Efficiency Best Practice Program, BRESCU,  
Watford, UK: Crown, March 2002, http://www.bioregional.com/programme_projects/ecohous_  
prog/bedzed/BedZED%20Best%20Practice%20Report.pdf (accessed April 2008), 3. 
314.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” 3. 
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     Renewable resources are considered sustainable because they are not certainly finite in the 
long-term future (unlike coal, oil and minerals).  As identified by the BedZED designers, 
renewable resources are regenerative and include the “atmosphere, water, soils, plants, livestock, 
… humans and our own labour.”315  Renewable resources also require active care and 
management to ensure human activity, waste generation, and use of these resources does not tip 
the balance of the underlying sustaining ecological system or degrade the resource beyond its 
restorative capacity.  Renewable resources independent of human management include solar 
energy, gravity, tides and geothermal power, although one could argue that humans can 
interfere with distribution of these resources, the source is not affected by current technology.316 
     BedZED Design Strategies 
     The designers of BedZED emphasize that even the addition of one building must be 
considered in relation to the sustainability 
strategies of the entire community.317   
 BedZED is a model for integrating 
solutions to the contradictory 
objectives of urban planning. It 
achieves an overall density of 50 
dwellings per hectare, 120 
workspaces per hectare, and over 
4000 m2 of green open space per 
hectare. At these densities nearly 
three million homes could be 
provided on existing brownfield 
land, at the same time as providing 
all the workspace needed for the 
occupants.318  
 
 
                                                 
315.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” 8. 
316.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” 9.  
317.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” 28. 
318.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” 9. 
 
Each living unit has green space 
Image source:  
http://inventeurs.wordpress.com/ 
2008/02/27/bed-zed-a-londres-un-classique/ 
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The social issues of safety, equality, and health are addressed in the BedZED community as a 
model of ‘neighborhood renewal.’319   Despite the high-density living, residents receive highly 
valued amenities such as glazed sunspace, balconies, and private roof gardens.  The community 
is designed to house a mix of income brackets and ranges of professions as well as varying sizes 
of units to allow various age groups and family structures to have appropriate and equitable 
housing. 
     Energy 
     Sustainable energy includes the source as well as 
the use of that resource.  In Britain,  
buildings “(including houses, shops and offices, and 
construction) are responsible for around half of all 
Britain’s carbon emissions, and it is forecast that there 
will be a 13% increase in household CO2 emissions 
from 1990 levels by 2010[3].”320  The BedZED 
energy strategy is approached as a holistic view on 
the complete system.  The net zero emissions goals 
were reached through the following strategies: 
• energy-efficient design of the buildings – 
reducing heat losses and utilizing solar gain, to the point where it is feasible to eliminate 
conventional central heating systems altogether 
• energy-efficient and hot-water-saving appliances to reduce demand … 
use of renewable energy sources … PV power integrated into the sunspace roofs  
means that BedZED will become a net exporter of renewable energy  
• a green transport plan…321  
 
                                                 
319.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” 26. 
320.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  11.   
321.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  11.   
 
Rooftop PV panels 
 
Image source: 
http://yourdevelopment.org 
/casestudy/view/id/11 
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     BedZED’s hot water and electricity needs are served by a biomass-fuelled combined heat and 
power (CHP) unit.322  This brings up several questions such as what happens to the emissions 
from using biomass as a fuel, but this issue is not addressed in the BedZED reports.  The 
economic viability of CHP units has improved recently for domestic use and is evaluated by the 
US Environmental Protection Agency in the Biomass CHP catalog: 323  Extensive analysis by 
the EPA concludes that current system costs are speculative but show the CHP system has a 
67.8% efficiency with net power costs of $.10/kWh.324  The system is considered net zero 
because it is combining heat and electrical generation.  It still gives off emissions of CO2, 
Methane and nitrous oxide and has an ash byproduct.325  The system is not benign and seems to 
fall into the category of being “less bad” than typical fossil fuels, rather than “good.”   
     Building materials were selected according to efficiency.  The following table compares 
BedZED material U-values with Britain’s 1995 Building Regulations, indicating improved 
efficiency. 
                                                 
322.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  11.   
323. United States Environmental Protection Agency, “Biomass Combined Heat and Power Catalog of   
Technologies,”  US EPA Combined Heat and Power Partnership, September 2007,   
http://epa.gov/CHP/documents/biomass_chp_catalog.pdf (accessed October 25 2008). 
324. United States Environmental Protection Agency, “Biomass Combined Heat and Power Catalog of   
Technologies,” 93. 
325. United States Environmental Protection Agency, “Biomass Combined Heat and Power Catalog of   
Technologies,” 96. 
 
CHP Biomass Key Economic Assumptions 
 
Table 3.2  
 
Image source: http://epa.gov/CHP/documents/biomass_chp_catalog.pdf 
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BedZED material U-values vs. Britain’s 1995 Building Regulations 
Element 95 Regs BedZED BedZED material 
Roof  0.25 0.10 300 mm styrofoam 
Exposed walls  0.45 0.11 300 mm rockwool 
Floors  0.45 0.10 300 mm expanded polystyrene 
External 
windows  
3.30 1.20 Argon-filled triple-glazing 
doors and rooflights 
 
Table 3.3  
Table source: Beddington Zero Energy Development, 
“BedZED – Beddington Zero Energy  
Development, Sutton,” 11. 
 
     Transportation is a significant element of energy use and carbon emissions.  The BedZED 
design includes accessibility to alternative transportation.  Proximity to public transit as well as 
pedestrian and bikeways reduce the need for vehicles.  However, those in the community using 
cars drive electric models, which are fueled by electricity generated by solar PV panels.326  
     Transportation was considered in the construction phase of BedZED and drove the material 
selection in order to keep the carbon footprint of material procurement to a minimum.   “As 
much of the material as possible is sourced from within 60 km (37 miles) of the site…a 
considerable proportion of the high weight and volume materials (which have the greatest 
transport impacts) have been sourced inside this radius. These include bricks, blocks, aggregate 
and 50% of concrete materials, imported topsoil, 80% of timber and all the plasterboard.”327 
Materials such as glass and tile were not available within the 60km radius, but were procured 
within the UK. 
     Water 
     Water is a significant renewable resource requiring protection and management.  The 
BedZED community was designed to meet 18% of residents’ daily consumption needs through 
rain water.  The area has unpredictable rainfall, so large volume storage tanks were designed 
                                                 
326.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” 17. 
327.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,” 22. 
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into the foundations. Waste water is treated with a small-scale on-site sewage treatment system 
which is biologically based, using sewage sludge nutrients as plant food. The system is housed 
in a green house and is designed to serve as a demonstration facility.  “Water can be treated to a 
standard that allows recycling back to the underground tanks, to supplement rainwater for 
toilet flushing. Surplus water is piped to a soakaway into the underlying gravel strata.”328  
Saving water is critical to sustaining the resource.  Fixtures with dual flush valves were 
installed at BedZED to reduce initial water use.  Additionally, “car parking spaces are laid with 
porous block paving over gravel to minimize surface runoff” as well as cleanse the water before 
entering major waterways.329  “Normal drainage systems take runoff water straight to local 
rivers, so raising the risk of flooding. Runoff from sky gardens, roads and pavements is drained 
to the front of the site where a dry ditch is being enhanced to give a wildlife-friendly water 
feature.”330  
                                                 
328.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  21 
329.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  21.   
330.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  21.   
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     Food 
     The concept of local production for local needs includes the production of food, materials, 
services, and includes local management of the resulting waste generation.  “Waste should be 
processed close to where it is generated (the proximity principle), and recycled locally into new 
resources. Importing large amounts of food, fuel and other goods wastes resources, contributes 
needlessly to global warming, and increases transport pollution and congestion. It may even be 
deemed unethical, with strife, scarcity and famine an ever present reality in exporting 
countries.”331   An additional benefit to serving local needs is keeping the financial flow within 
the immediate community “and helps bring communities together with a real stake in their 
collective future”.332 
      “It has been calculated that households’ indirect contributions to global warming – primarily 
from the transport of their food – are as significant as their direct contribution from their homes 
and personal transport[4]. For example, one tonne of strawberries air freighted to London from 
Israel releases 4.6 tonnes of CO2, while the same weight of strawberries transported from a 
farm in Kent would emit 0.014 tonnes of CO2.”333  While BedZED is unable to produce all of the 
food needs for the entire community, garden allotments are incorporated into the site park 
design.  Roof gardens and sun spaces allow green space, despite the urban quality of the 
community, providing a space to allow for light gardening.  Educational programs and seedling 
starters are provided.  Residents can order produce from regional organic farms and orders can 
be placed via the internet allowing bulk delivery to the community, reducing transportation 
impacts.334 
                                                 
331.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  4. 
332.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  5. 
333.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”  24. 
334.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”   25. 
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     Shelter 
     “Wherever possible, BedZED uses natural, recycled or reclaimed materials, products with a 
low embodied energy, and those not associated with habitat destruction.”335  Use of managed 
materials such as wood from Forest Stewardship Council certified sources, ensures the resource 
will be renewed as well as raises the value of these woodlands, which support regional 
biodiversity.  All of the structural steel in the BedZED project is reclaimed as well as doors, 
“other internal joinery, steel beams and scaffolding poles (for handrails and balustrades), kerbs 
and paving slabs…Recycled materials include the plastic in kitchen cabinet doors and worktops, 
and recycled crushed aggregate in the road sub-base.”336  As described in the transportation 
section, local material sourcing reduces carbon emissions and contributes to the local economy, 
while also encouraging the use of materials traditional to the region and local vernacular.    
     Waste  
     Again waste is addressed in the prevention stages, especially successfully in terms of water 
use.  Output is used as input where possible.  Using biomass to produce heat and electricity is a 
way to capture heat which is typically a byproduct.  However, there is still the waste of 
emissions.  Fly ash could be returned to building material mixtures, but CO2, Methane and 
nitrous oxide emissions appear to be irreconcilable waste in this system.  The use of the biomass 
fuel source also needs to be carefully managed in order to ensure the use does not exceed 
availability or sustainability of the source system.  It is important to note that Net Zero usually 
refers to the facility operation and does not necessarily take into account the embodied energy of 
building materials.   Zero Net carbon emissions does not unequivocally translate to 
“sustainable.”       
                                                 
335.  Beddington Zero Energy Development,“BedZED – Beddington Zero Energy Development, Sutton,”   22.   
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     BedZED Summary 
     Like the Kibbutz Lotan, it is important to note that this is an example of another community 
unable to provide all of the required food needed to be self-sustaining.  The land at Ka‘ala Farm, 
Inc. and ability to raise crops is a special resource.  The BedZED case study has excellent 
examples of water saving techniques.  Ka‘ala Farms and BedZED are both organizations with a 
unique ecological approach surrounded by a context of communities operating unsustainably 
according to the status quo.  Both serve as a symbol of differing values from the mainstream.     
     Possibly some of the most useful published information about this project is the lessons 
learned list of issues published in a recent case study.  These are organized and re-worded below 
according to the type of issue with several issues overlapping:337 
     Technical Issues 
• Development not zero fossil fuel due to CHP inefficiencies  
• CHP nitrogen oxide levels problems 
• Compost on green roofs contaminates rainwater preventing water reuse  
• Sewage treatment facility educational but not functional  
• Noise from CHP limits run times making system less efficient (both social and technical 
issue) 
• Porous paving surfaces used for storage clog the permeable gaps causing ponding 
     Economic Issues 
• Live/work units not selling 
• Overheating of units caused because operable windows were removed due to budget 
constraints 
     Social Issues 
• Meters in kitchens covered because residents consider them ugly 
• Controversial design, many do not prefer the design because it does not fit in with the 
local vernacular 
• Electric car use not as effective as design intentions assumed 
     Management Issues 
• No provisions for maintaining football field and facility 
• Inaccurate bills cause by billing agents not understanding the system 
     Operating Issues 
• Passive solar overheating occurred by uneducated residents and there was no provision 
for unoccupied units or times when residents were not home  
• Limited parking causes residents to use surrounding streets (this is also a social car-
culture issue)  
                                                 
337. Jodie Pipcorn, “Beddington Zero Energy Development (BEDZED),” Your Development Creating Sustainable 
Neighborhoods (29 July 2008), http://yourdevelopment.org/casestudy/view/id/11 (accessed November 12, 2008). 
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This list does not equate to failure, rather it indicates the need for ongoing involvement of a 
design team to interact with the users, especially in a project using atypical systems.  Education 
of the occupants and building maintainers is critical.  It also demonstrates the unpredictable 
“human factor” that people will not always use spaces as intended or behave as assumed.  
Cultural and social factors such as reacting to the aesthetic of the building design in relation to 
the surrounding neighborhood cannot be overlooked.  These lessons learned are important for 
designers, developers, users, and owners.
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Finca Esperanza Verde, Nicaragua  
Sustainability through economic necessity 
 
     Finca Esperanza Verde (Green Hope Farm) began in 1998 as an economic development 
project through the Sister Communities of San Ramón, a non-profit based in Durham North 
Carolina.338   Finca Esperanza Verde is an ecolodge, organic coffee farm and nature preserve in 
the mountainous semi-wet tropical region of Matagalpa, Nicaragua at an elevation of 4,000 ft.339  
The finca was purchased as an abandoned coffee farm.  The site today includes a main lodge 
with kitchen, lodging cabins with bathrooms, pavilion, coffee farming facilities, butterfly 
pavilion and smaller utilitarian structures such as the green house laundry drying area.  The site 
is removed from urban amenities and utilities, therefore requiring Finca Esperanza Verde to 
function off-grid.   
     Diversification of land use and 
income is a main tenant of sustainable 
development.  In addition to coffee 
farming, butterfly farming and 
serving as an ecotourism place of 
respite, Finca Esperanza Verde also 
serves as an educational 
demonstration facility.  The 
preservation of the natural land has 
made the area an attraction for 
ornithologists and other practitioners 
of the natural sciences.  A program of the Sister Communities of San Ramon also includes 
maintaining the knowledge and practice of herbal medicines, which is vital in an area where 
                                                 
338.  Finca Esperanza Verde (FEV), “About Finca Esperanza Verde,” http://www.fincaesperanzaverde.org     
/index.html#coffee (accessed October 15 2008).   
339.  Finca Esperanza Verde (FEV), “About Finca Esperanza Verde.”  
Main gathering structure, off-grid with solar panels, spring 
water, and wood burning stove; relies on sunlight during day and 
candlelight at night. 
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pharmaceuticals are often too expensive for residents.  This practice perpetuates indigenous 
knowledge across generations. 
 
Finca Esperanza Design Strategies 
     Energy 
     The main power source after wood burning and oil in Nicaragua is hydroelectric.340  Drought 
or climate change could severely affect the country’s ability to produce power. Finca Esperanza 
is remotely sited in mountainous terrain without access to the electric power grid, as many rural 
communities live.  Electrical energy for Finca Esperanza Verde comes from photovoltaic panels 
on the roof of the main lodge.  The design of the lodge facility minimizes the necessity for 
lighting in the dining and gathering area during the day, which is an open air design, allowing 
for passive ventilation and plenty of daylighting.  The kitchen portion of the main lodge 
requires light from the PV battery only in the evening hours and the cooking surfaces are fueled 
by a wood burning stove.  Although wood burning releases the carbon stored in the plant, it is 
an immediately, locally available cheap energy source.  Perhaps a passive energy heat source for 
cooking such as solar ovens could be employed at the site.  The night meals at the main lodge 
are served by candlelight, which also serves to fend off insects and pests.  Light pollution is kept 
to a minimum; guests are encouraged to minimize the use of PV battery powered lights and 
carry individual flashlights to navigate the terrain between the cabins and the main lodge at 
night and early morning hours.  The solar power is essential for running the refrigerator and 
communications equipment at the main lodge. 
     Finca Esperanza Verde has worked with the community in improving the renewable energy 
sources at the site.  In 2003, students from the National University in Managua, student 
                                                 
340.  World Resources Institute, “Earth Trends Country Profiles, Nicaragua: Energy and Resources,” Earth Trends 
Environmental Information (2003) http://earthtrends.wri.org/text/energyresources/ country-profile-135.html (accessed 
October 2008). 
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engineering group called SuniSolar, designed and installed passive solar water heaters.341  
“Additional solar water heaters will be built in May, 2008 by Appalachian State University 
Department of Alternative Technology students”.342 
Hot water is available in the cabins for showering with the use of simple solar water bags, laid 
on inconspicuous angled black platforms positioned to maximize passive solar heat gain during 
the day.   
     Ground maintenance work at the finca is all conducted by hand.  Grass cutting starts at first 
light and is only noticeable by the swish and ping sound of a machete swinging through the 
grass by skilled workers.  Grounds maintenance by manual labor does not require fossil fuels 
such as gas to run equipment, therefore has no emissions, provides jobs, and promotes an active 
healthy lifestyle for employees.  
                                                 
341.  Finca Esperanza Verde (FEV), “About Finca Esperanza Verde.”   
342.  Finca Esperanza Verde (FEV), “About Finca Esperanza Verde.” 
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     Water 
     The main water source for Finca Esperanza 
Verde is a mountain spring.  The spring water 
is periodically monitored and tested to ensure 
health safety as a potable source.  The mountain 
spring is the source, upstream from livestock 
and human contaminants as well as chemical 
laden run-off from fertilizers and urban 
processes.  There is an opportunity to employ 
rainwater catchment systems at this site which 
has an annual rainfall of 39-60 inches.343   
Dependency on this single source is a limitation 
for water at the site.  As global climate systems 
are altered and change, the consistent rainfall 
patterns could change.  Water storage tanks 
could be considered.  The current system 
depends on gravity for water movement.   
                                                 
343.  Central America Online Guide, “Nicaragua Climate: When to Go to Nicaragua,” 
http://www.colonialvoyage.com/america/eng/central/nicaragua/climate.html (accessed October 2008).  
 
 
This water source is at a village downstream from the 
Finca Esperanza Verde spring near cattle fields.  
Rainwater catchment systems could help supplement 
potentially contaminated ground and surface water 
sources. 
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     Food 
     The meals served at the Finca Esperanza 
Verde lodge are made from local meats and 
seasonal locally available fruits, and vegetables.  
Tortillas, eggs, chicken, beans, cheese, onions, 
tomatoes, coffee, milk, honey, and freshly 
squeezed fruit juices, are examples of the typical 
fare available from abundant local sources.   
     Finca Esperanza Verde required the 
restoration of the coffee plants and roadway of 
the pre-existing coffee farm.  The coffee plants 
are considered “shade grown” while the 
overhead tree canopy has been maintained.  The 
coffee processing is certified organic. As a fair-
trade organic coffee product, the largest market 
for sales is in the United States.  Exporting coffee is currently the most economically viable 
option for the community.  The issue of reliance upon export is arguably considered an 
unsustainable long-range practice because current major global transportation networks 
dependence on non-renewable fossil fuels and therefore incurs a high embodied energy and 
creates a large carbon footprint.  
 
Coffee plant nursery at El Eden Village, using 
Finca Esperanza Verde as a model 
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     Shelter  
     The lodge and cabin construction material are primarily 
comprised of hand made brick.  Roofing materials are 
primarily corrugated metal, which is readily available in the 
region.  The structural members for the pavilion are wood, 
which is also readily available.  Local village construction also 
shows skillful use of bamboo.  Examples of wood joinery 
achieved without the use of fasteners is evident in local village 
construction.  However, the ability of these structures to 
withstand the frequent hurricanes and earthquakes in the 
country has proven challenging.  The value of the 
overarching tree canopy at Finca Esperanza Verde and the 
local communities is understood as an essential part of the 
health of the overall ecosystem.  On a national scale, bans on 
logging in Nicaragua are an attempt to prevent extensive 
denuding of forests.  However, one might argue that the 
forests with the most protection are those with the least 
valued resources from an economic standpoint. 
 
 
 
 
 
Tarquezal construction of wood and 
adobe is economical but particularly 
susceptible to earthquake forces.  
Creative joinery resolves issues of 
material availability but is also 
susceptible to earthquake and 
hurricane forces.  
      
Examples of bamboo use at the Village of El Eden – an economical 
and attainable material.  Resident on right is building his house alone, 
his only tool, a machete. 
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     Waste 
 
     Waste management is an issue in 
Nicaragua as evidenced by trash products 
blowing through villages and towns.  Most 
waste is burned if collected at all.  In rural 
areas, pit latrines are common.  Some farm 
structures have cesspool type tank systems.  
Composting latrines are becoming accepted.  
Water contamination from sewage, livestock, 
fertilizers, and pesticides continues to be a 
significant issue throughout the country.  
 
     Finca Esperanza Verde Summary 
 
     Finca Esperanza Verde is run by Nicaraguans from local communities who live in the area 
and may live at the finca during the work week.  The job skills and exchanges from interaction 
with international visitors are carried to the families and communities of both parties.  The two-
way cultural exchange is mutually beneficial.  Significant poverty and inequality require people 
to creatively make-do with materials at hand.  Choosing low-tech building methods and readily 
available resources are essential to design strategies.  Like Finca Esperanza Verde, Ka‘ala Farms 
should consider using technologies and building techniques which are appropriate to the 
economic and material attainability of the community they serve, in turn making the lessons 
from the farm transferrable for local applications.    
 
 
Compost latrine under construction 
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Chapter  Conclusion 
 
     The global and local case studies share a common arrival point at the practice of 
sustainability although the motivations and pathways are diverse.  Hoa ‘Āina O Mākaha began 
as a ministry to the community and an offering of a place of refuge and land for growing food.  
As a successful organic farm, MA‘O offers an alternative to common monoculture farming 
practices as seen on the islands with the production of crops such as pineapple and sugar.  MA‘O 
offers an economically sustainable model and sound business practices while involving the 
education of youth through Leeward Community College (LCC).  Both of these organizations 
are accessible to the local community.  These organizations are also accessible to the virtual 
global community through their websites which facilitate communication, explain their purpose 
and role, while providing a self-identifying visual image through a symbol (or brand).  These 
organizations are open with their knowledge and welcoming to participants.  
     The global case studies arrive at sustainability through cultural, social, ecological, political 
and economical paths.  The Kibbutz Lotan practices sustainability for various reasons including 
necessity due to geographic isolation driven by cultural and political forces.  As a case study 
project for the UK Government Energy Efficiency Best Practice Program, BedZED is a 
community experiment stemming from economical and ecological motives.  Finca Esperanza 
Verde is geographically isolated in a natural resource rich, but economically impoverished area.  
Sustainability practices offer a means to preserving the health (quality) and abundance 
(quantity) of resources.      
     The largest contrast between the local and global case studies is the composition of the 
community.  The global case studies include groups of people living in community on land used 
for all aspects of living to include economic means, food growing and energy production.  The 
communities are cohesive and potentially self-sustaining.  The local case studies are contrived in 
a land use classification system that separates living from working.  The local case studies Hoa 
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‘Āina O Mākaha and Mala ‘Ai ’Opio Farm are places of education and exchange but serve as a 
backyard to the greater community of Wai‘anae where the only permanent residents on the 
properties are in a caretaker capacity.  There is a need to integrate these three Wai‘anae valley 
farm non-profits into the community as well as to bring the community into the farm.  This 
happens on a regular basis at Hoa ‘Āina O Mākaha with the relationship between the farm and 
Mākaha Elementary School. MA‘O has the benefit of a relationship with LCC and therefore has 
a regular connection through the students.  Enabling families to have extended stays on the 
property (in a capacity similar to camping), allowing the sale of produce on site or offering 
educational tours/hikes open to public visitors are all strategies for introducing these places to 
community members.  Learning attainable, transferrable strategies at a backyard scale for 
growing vegetables, aquaculture fishing, or preparing fresh foods can be empowering, therefore 
contributing to community capacity building.  
     There is some overlap as well as compliment in the services provided by the community 
organizations in Wai‘anae Valley.  Defining the role of each organization and the purpose they 
intend to serve would further identify force multiplier strengths as well as shortfalls.  For 
example, MA‘O could serve as a training ground for young organic farmers through the 
existing LCC program while Ka‘ala Farms can provide the land and setting for ongoing farming 
practices as well as a place for young farmers to teach.  It is these intricate relationships and 
interdependencies which serve to strengthen a community.  
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CHAPTER 4 
BUILDING AND SYSTEMS DESIGN STRATEGIES 
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CHAPTER 4 
BUILDING AND SYSTEMS DESIGN STRATEGIES 
 
Overview 
 
     The following design strategies focus on sustainable building and system design within the 
context of Hawai‘i’s climate, culture, economy, and available resources.  The topics addressed 
are: Energy, Water, and Shelter.  Waste is not addressed separately because it is considered 
within the context of these categories.  For example, composting is discussed as a water 
reduction strategy even though this also addresses waste re-use.  Food is the fifth category not 
discussed in this section, because this chapter is focused on building systems.  Each section is 
concluded with a brief evaluation entitled “Appropriateness of Design Strategy for Ka‘ala Farm, 
Inc.”  This reflection determines which strategies to set aside and which are chosen to pursue in 
further detail in Chapter 6, the design portion of the document.  Lastly, Chapter 4 ends with a 
table summarizing the building and systems design strategies and ranking them according to 
their sustainability according to the evaluation factors determined in the Introduction: quality, 
quantity, attainability, and reusability.     
Energy 
     Renewable power resources available in Hawai‘i include solar, wind, tidal, wave, geothermal, 
biomass, and hydroelectric.  Strategies such as deep sea water cooling and solar water heating 
are possible with the abundant resources on-island.  The most important feature of energy use is 
to begin with reducing the requirement.  This can be achieved by relying on passive energy 
climatic design as well as by using low energy requirement appliances (such as Energy Star 
rated appliances).   
…electric lighting systems are one of the most energy-intensive components of modern 
buildings.  A recent International Energy Agency report (Waide 2006) indicates that 
lighting accounts for around 19% of global electric energy consumption and contributes 
carbon dioxide emissions equivalent to 70% of that caused by passenger vehicle 
emissions.  The same report suggests that using high-efficiency instead of low-efficiency 
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ballasts, and replacing mercury vapor HID (high intensity discharge) lamps with more 
efficient alternatives would reduce global lighting demand by up to 40%...344 
 
     The primary energy strategies considered for Ka‘ala Farm, Inc. are those that come from 
renewable resources with solar and wind power being the most accessible choices.  These power 
sources can function with both low and high tech passive and active infrastructures while 
passive energy applications make these resources economically attainable.  While solar and wind 
resources themselves are clean energy, the infrastructure equipment and materials supporting 
them and converting their power into human applications is often comprised of materials with 
high embodied energy, require intensely mechanized or industrialized processing, or are made 
with finite resources.  For example, current battery technology relies on hazardous chemicals 
and PV cells require rare materials creating high embodied energy as well as high economic 
cost for solar panels.   
                                                 
* Some information in Chapter 4 was undertaken in Arch 699 and has been informed by and modified for this project 
344.  Walter T. Grondzik, and Alison G. Kwok, The Green Studio Handbook; Environmental Strategies for  
Schematic Design (Oxford: Elsevier, 2007), 99. 
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    Solar Energy 
     Passive Lighting Design  
     Overview 
 
     Passive design lighting requires a balance between both shading and daylighting strategies.  
The global position of the site determines the sun path and therefore the amount and angle of 
sunlight in general terms.  Site features such as terrain, landscaping and surrounding structures 
can affect actual sun exposure.  The Latitude and Longitude of Honolulu are 210 18’ North and 
1570 51’ West creating a high sunpath which actually tips to the north in the winter.345  The 
annual mean number of clear days is 90 out of 365, which deceptively appears to be few days of 
sunshine, but this statistic includes days with variable cloud cover.346  Coordinating passive 
daylighting and shading can significantly reduce the energy required for lighting.  Daylighting 
is a powerful resource as  
Berkeley Lab research suggests that proper daylighting can reduce perimeter-zone 
lighting energy by as much as 60 to 70 percent of the annual electric lighting energy 
                                                 
345.  National Oceanic and Atmospheric Administration, Earth System Research Laboratory, “Global    
Monitoring Division: Surface Radiation Research Branch,”  www.srrb.noaa.gov (accessed July 2008). 
346.  Western Regional Climate Center, “Weather Service Report,” www.wrcc.dri.edu    
(accessed July 2008). 
            
Figure 4.1 
Sunpath diagram and shading mask used for charting sun positioning throughout the year and determining sun 
angles on a site or building. 
Image source: course handouts, UH School of Architecture, Prof S. Meder 
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with additional reductions in electric demand. Overall building energy use can be 
reduced by 10 to 30 percent compared to a similar nondaylit building… 347 
 
In addition to energy benefits, daylighting is argued to have behavioral benefits as well, 
contributing to increased work production 
and improved learning environments for 
schools.  
     Passive lighting includes strategies such as 
toplighting, sidelighting, reflecting light on 
light shelves and materials, as well as 
adjusting room height width and depth.  
Examples of daylighting incorporated into 
the building envelope and footprint include 
courtyards and clerestory lighting.        
     Daylighting 
     The general strategy for lighting in 
tropical climates is to increase openings, 
shade from heat, and block reflective glare.348  
The first design consideration for passive daylighting is the building siting and orientation.  In 
Hawai‘i, where there is adequate sun exposure, depending on the building geometry, it is 
preferable to orient the long axis of a building along the east-west cardinal direction.  As for 
most sites in the Northern Hemisphere, this reduces the exposure of the larger surface areas to 
the east/west sun which is low in the sky and therefore more directly infiltrates the building.  
The southern exposure allows plenty of daylight, which must be balanced and shaded to protect 
from heat gain.  This also makes toplighting via skylights possible, but they should be shaded or 
                                                 
347.  Allen Chen, “The New York Times Building: Designing for Energy Efficiency Through Daylighting  
Research,” Science Beat.  Berkeley Lab (February 17, 2004), http://www.lbl.gov/Science-  
Articles/Archive/sb-EETD-NYT-building.html (accessed November 29, 2008).    
348.  Cleveland Salmon, Architectural Design for Tropical Regions (New York: John Wiley & Sons, Inc.,  
1999), 149. 
 
Figure 4.2 
Sample of sun path diagram produced by Ecotect software, 
can be used for determining sun angles for building siting, 
orientation, wall thickness determination, window placement, 
overhang sizing, window sizing, and light shelf 
dimensioning. 
 
Image source: 
http://www.aecbytes.com/feature/2007/Ecotect.html 
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should use light reflectance strategies to prevent direct light infiltration.  In addition to this 
global orientation, it is critical to consider the site and microclimate it creates.  This data is not 
included in most energy modeling tools.  The local landscaping, surrounding terrain and built 
environment can effect the microclimate.  For example, an exterior reflective surface just 
outside of a window can bounce light into a space whereas landscape plantings just outside of a 
window can absorb the light.     
     Designing with daylight means using a light source that is constantly changing.  Daylight 
Factor (DF) is a decimal or percentage equal to the “internal daylight illuminance at a specific 
point divided by a reference external daylight illuminance.”349 This calculation requires an 
exterior and interior sensor to measure foot candles or lux.  The units cancel each other out, 
leaving a decimal value as the DF and therefore provides an actual measure of performance.350  
The DF is determined by the following factors: 
• size of daylight apertures (windows, skylights, etc.); 
• location of daylight (sidelighting, toplighting, etc.); 
• access to daylight (considering the site, building, and room contexts); 
• room geometry (height, width, and depth); 
                                                 
349.  Grondzik, 57. 
350.  Grondzik, 59. 
 
Figure 4.3 
Types of daylighting 
Image source: Lechner, 365.   
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• location of the point of interest relative to apertures; 
• visible transmittance (VT) of glazing; 
• reflectance of room surfaces and contents; 
• reflectances of exterior surfaces affecting daylighting entering the aperture; 
• the effects of daylighting enhancements (such as light shelves) 351 
 
The amount of illuminance actually experienced is determined by additional factors, such as the 
sky conditions, time of day, season, and location.  The amount of brightness experienced can be 
significant even on an overcast day.   An overcast day can provide 500-2,000 footcandles, which 
is low, although it “is still ten to fifty times greater than what is needed indoors.” 352  
Target design values for DF are suggested by various sources and are based on how a person 
subjectively experiences a DF level.  US Green Building Council New Construction 2.1 
Leadership in Energy and Environmental Design (LEED) Criteria establishes a minimum 
daylight factor of 2%.  The British Research Establishment’s EcoHomes is specific to the 
function of the space and sets the target DF as 2% in kitchens, 1.5% minimum in living rooms, 
dining rooms, and studies.353  Heating, Cooling and Lighting; Design Methods for Architects 
                                                 
351.  Grondzik, 58. 
352.  Norbert Lechner, Heating, Cooling, Lighting: Design Methods for Architects, 2nd ed. (New York: John Wiley & 
Sons, Inc., 2001), 366. 
353.  Grondzik, 59. 
 
Figure 4.4 
Brightness is 3x greater at the zenith than horizon and 10x greater near the sun than the darkest part of the sky. 
 
                                                                                                                               Image source: Lechner, 366. 
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lists typical DF factors as: 4-6% for art studios and galleries, 3-5% for factories and labs, 2% for 
offices, classrooms, gyms, and kitchens, 1% for lobbies, living rooms and churches, and 0.5% for 
corridors and bedrooms.354  DF values are categorized as: 355 
• Less than 2%: Gloomy - room requires electric light supplement 
• DF between 2-5%: Noticeably daylit - may require supplemental lighting 
• Greater than 5%: Vigorously daylit and may not require additional lighting 
 
Materials have typical reflectance factors, which can help quickly identify the characteristic of a 
material in early concept design when selecting the materials palette:356 
Material        % Reflectance 
Light sand…………………………….…30-60 
Concrete…………………………….…...30-50 
Grass……………………………….…....20-30 
Brick, various colors……………….……23-48 
Sandy soil ………………………………15-40 
Meadow…………………………………12-30 
Woods…………………………………...5-10 
Soil, dark cultivated………………….......7-10 
Blacktop…………………………...…….<10-15 
Slate, dark clay…………………………...7+ 
Sandstone………………………………...18 
Dry grass………………………………....32 
Bark……………………………………....23-48 
Green fields…………………………..…..3-15 
Green leaves……………………………..25-32 
Water surfaces, sea………….......………...3-10 
 
These factors also indicate which materials absorb light and have the potential for becoming 
heat islands.   
 
 
 
 
 
                                                 
354.  Lechner, 368. 
355.  Grondzik, 60. 
356.  Watson, 83. 
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The color of the materials is often overlooked but can have a significant impact on light 
reflectance and quality.357   
Color         % Reflectance 
White…………………………………….80-90 
Pale Blue……………………………….....80 
Lemon Yellow……………………………65 
Dark Cream………………………………60 
Light Green…………………………….....50 
Light Brown……………………………....50 
Apricot……………………………..............45 
Red-orange………………….........................30 
Dark red, blue, gray………………………15 
Black…………………….................................5 
 
 
 
 
 
 
 
 
 
 
 
                                                 
357.  Grondzik, 89. 
          
Figure 4.5 
One example of how surfaces outside of the building can affect daylighting 
Image source: Watson, 87. 
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     Sidelighting and Room Design 
     Consideration of passive daylighting is most important in the 
schematic design phase, which affects building siting, section and plan.   
Two DF rules of thumb applicable to room height and depth are depicted 
in the accompanying figures at right.  “Daylit room depth should be less 
than 2 ½ times the height of the window head to maintain a minimum 
level of illumination and an even distribution of light.”358  The second rule 
of thumb is the 15/30 rule, indicating that a space can typically be solely 
daylit in the first 15’ from the window, requires a combination of electrical 
and daylight in the next 15’, and beyond 30’ from a natural daylight 
source, will likely require electrical lights or other lighting strategies to 
reflect or pipe light into the space. Tall shallow rooms offer the best 
sidelighting strategy because they can bring light deeper into a space.  In 
conjunction with horizontal blinds, they can protect a space from solar 
gain.   
     Another strategy for bringing light into a space is lowering interior 
partitions walls.  Depending on the use of the room, partitions may be effective simply at the 
height of the workspace.  It may not be necessary to have interior walls reach ceiling height.  
Bringing in light high protects from glare or direct light infiltration and therefore makes the 
window height more important than its width.359 
     Toplighting 
     Toplighting is ideal with an overcast sky because of solar radiation, heat gain, and glare, 
leading to the conclusion that this not the best daylighting design strategy in Hawai‘i because 
                                                 
358. G. Z. Brown and Mark DeKay, Sun, Wind & Light: Architectural Design Strategies, 2nd ed. (New York: John 
Wiley and Sons, 2001), 201. 
359. Kent Royle, and Cliff Terry, Hawaiian Design: Strategies for Energy Efficient Architecture (Hawai‘i:  
Department of Business and Economic Development Energy Division and Honolulu Chapter    
American Institute of Architects, 1990), D25. 
 
 
Figure 4.6 
Daylighting rules of 
thumb depend on 
window height and 
distance from the 
window. 
 
Image source: 
Grondzik, 64. 
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“…horizontal skylights should generally be avoided in hot climates.”360  Sizing actual daylight 
toplighting apertures can be figured using the following formula: 
A = ((DF avg) (A floor))/ (AE) 
where 
A =   aperture area 
DF avg =  daylight factor target 
A floor =  illuminated Floor Area 
AE =   aperture effectiveness factor  
 
Toplighting Aperture Effectiveness (AE) factors are:361 
Aperture type AE Factor 
Vertical monitors/clerestories 0.20 
North-facing sawtooth 0.33 
Horizontal skylights 0.50  
Table 4.1 
This toplighting equation however, does not consider 
the heat gain associated with the design strategy.  
Toplighting through the use of light tubes which 
appear almost as typical light fixtures can be a way to 
direct daylighting to desired areas and control heat 
gain.  Light scoop strategies can also be used to bring 
indirect light into buildings, preventing heat gain. 
     Internal Reflectance 
     The internal reflectance factor is affected by 
finishes such as color as well as materials. Finishes on 
walls, ceilings, floors, and features such as light 
shelves should be considered as mirror-like finishes 
                                                 
360.  Grondzik, 70.   
361.  Grondzik, 71. 
 
Figure 4.7 
A light tube can allow toplighting  
without the heat gain of a skylight. 
 
Image source:  
http://www.sundome.com/tubuar_skylight
_features.html 
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can create glare, while matte finishes diffuse light.  Determination of actual internal reflectance 
requires the use of an illuminance meter. 
     Glazing 
     In addition to the design of lighting openings and placement, the actual aperture materials 
should be considered.  Balance in glazing for climates such as Hawai‘i, is best with a high visible 
transmittance (VT) value and a low solar heat gain coefficient (SHGC). 
When solar radiation strikes a surface, the radiation may be reflected, absorbed, or 
transmitted depending on the nature of the surface.  For example, a fair percentage of 
solar radiation passes through a typical window, while some of that transmitted solar 
radiation striking a floor will be absorbed (as heat) and some will be reflected.362  
 
An SHGC value of 1 indicates 100% of incident solar radiation passing through the glazing.  
The Shading coefficient refers to only the glazing, whereas the Solar Heat Gain Coefficient 
refers to the entire glazing-frame combination.363 
     Light Shelves 
     Light shelves can be interior or exterior and can 
double as shading devices.  Shelves can reflect light 
off of the ceiling, bringing light deeper into a space, 
while reducing glare near the source and providing 
a more even wash of light in a room.  An interior 
extending light shelf can also block sky glare.364  
Sun path diagrams or energy sun path modeling 
software can be used to determine the angle of the 
sun during the extremes of the summer and winter 
solstice.  These extremes define the parameters for 
the sun angles used to determine the placement and 
length of the light shelf.  
                                                 
362.  Grondzik, 94. 
363.  Grondzik, 94. 
364.  Brown, 255. 
  
Figure 4.8 
Light shelves above eye level shield viewer from 
glare off the top of the shelf and act as shading 
devices. 
 
Image Source: Lechner, 379. 
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    Shading Devices 
     Shading devices can be used to control daylight.  Shading strategies include roof overhangs, lanai 
spaces, horizontal and vertical operable window treatments, landscaping, trellises, loggias, membrane 
tent-like structures and sliding wall panels.  The following is a visual catalogue of local and global 
examples of these strategies.  (All images in this section are photographs taken by the author unless 
otherwise noted).   
Loggias, Lanais, Overhangs and Room Depth 
   
1) The loggia at Villa Emo, Italy provides shade through depth and also has manual shading devices between 
the arches. 2)The Honolulu Art Academy window wall thickness shades window openings.  3) The tea house 
in Kyoto uses sliding panels to provide the most flexible response to the solar path. 
 
   
4) The long roof overhang of this church on Kauai is incorporated with a loggia.  5) This roof overhang has 
a completely different form but serves the same purpose of shading a lanai on Kaua‘i.  6) The exterior hall of  
UH Holmes Hall is shaded with depth, as well as vertical and horizontal cantilevered shading devices. 
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Screens  
           
 
1) The brise-soleil popularized by Corbusiershades as a function of height/depth and width/depth 
ratio (image per Lechner 227).  2)  Masonry screening at UH shades while allowing airflow and 
controls light.  3)  Shangri-la on O‘ahu uses patterned screening to control light, making an outdoor 
room.   
 
 
 
 
 
 
      
4)  UH Orvis Music Complex uses a concrete block screen  5)  Screening at First Hawaiian Bank in 
Aina Haina protect desks near the window from direct light and glare.  
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Plantings 
     Plantings such as living walls, trellises, pergolas and arbors can filter daylight as 
well as have a cooling effect.  Living walls and green roofs populated with native plants 
can incorporate rain water catchment systems to assist with maintenance.    
  
1) Planted shade structure trellis at Calvary By the Sea Lutheran Church in Aina Haina.  2)  Planted 
shade trellis over lanai at Shangri-la. 
       
3) Living wall newly planted in front of retail store in Atlanta, GA.  4) Plantings as living wall in 
Santiago, Chile (Image source: Brown 268). 
                  
5) Living fence, Kauai  6) Porch trellis on Kauai could incorporate plantings overhead.  7)  Trellis at 
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Window Treatments 
Vertical Fins 
 
Vertical fin window treatments are ideal for shading from low east/west sun.  Manual 
or mechanical moveable or operable vertical fins provide a useful versatility. 
  
1) UH building utilizes vertical fins and varying depth to shade windows.  2)  The Penn State School of 
Architecture building uses both vertical and horizontal shading. 
 
         
3)  Frank Lloyd Wright’s Price Tower in Bartlesville, OK uses both vertical and horizontal shading devices. 
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Window Treatments 
Horizontal 
 
Horizontal window treatments can obstruct views but allow natural light infiltration 
while controlling heat gain.  Venetian blinds and light shelves operate on the same 
principle, both bouncing the light upward.365 
                                                 
365. Lechner, 240. 
 
1) Renzo Piano’s New York Time’s building uses horizontal ceramic rods to screen and shade windows. 
 
               
3) Operable shutters in New Orleans shade from sun while allowing ventilation.  4) Jalousy windows at UH 
facilitate filtered light and ventilation 
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Window Treatments 
Materials/Fabric 
 
       
1) Fabric window treatments diffuse daylight on museum exhibits, Museo del Catel Vecchio, Verona - Carlo 
Scarpa 2)This window treatment reduces glare, Kailua 
 
 
  
3)  Christian Dior Omotesando building relies on interior fabric hangings 
 to control daylighting juxtaposed with traditional roof overhangs,  
Shibuya-Ku Tokyo, Japan 
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Passive Daylighting Design Strategy Appropriateness for Ka‘ala Farm, Inc.  
     Passive daylighting is probably the most readily available and renewable alternative to 
electric lighting.  Use of this resource simply requires observation and good design.  This 
should not add a significant cost to a building.  More design time may be necessary in order to 
properly orient the facility and to determine sun angles affecting light shelves, wall thicknesses, 
and overhang lengths.  However, many architects are educated on these strategies.   
Passive design means that nature (and the architect) does the work.  Passive strategies 
adjust to environmental conditions primarily through the architecture…This means 
that the architect must be strategic.  It means the resources on site rather than 
importing energy from a remote source.366 
 
     Modeling software such as Ecotect could be considered an additional cost, although this 
would most likely be an overhead cost to the design firm rather than a one time project cost.  
Additional equipment such as light meters or assembly of a heliodome can increase cost, but 
these are also minimal considerations.  The passive design strategies presented in this section 
would be appropriate for a facility at Ka‘ala Farm, Inc. because they are economical, available, 
and effective for the site climate conditions.  
                                                 
366.  Grondzik, 10. 
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Active Solar Design  
Photovoltaic 
     Solar Electricity 
     Active solar systems are an option for Ka‘ala Farm, Inc.  Solar power has been a proven 
viable resource in Hawai‘i.  For example, the Naval Facilities Engineering Command 
(NAVFAC) is using an array of solar cells covering 31,000 SF of roof space comprised of 1,545 
solar panels, which provides power equivalent to the amount of electricity required by 300 
homes.367  According to the National Renewable Energy Laboratory Resource Assessment 
Program, O‘ahu has an annual potential for 3.92kWh/m2/day from the sun.368  PV system 
components include:369   
- PV array 
- Array support structure 
- Battery 
- Charge controller 
- Low voltage disconnect 
- Maximum power point tracker, which adjusts the voltage in order to maximize power 
output 
 
Building Integrated PVs (BIPVs) are being incorporated into shingles, standing seam metal 
roofing, spandrel glass, skylight glass and walls but at this time, BIPVs would not be considered 
as economically viable for Ka‘ala Farm, Inc. than a more standard off the shelf system locally 
available.    
     Photovoltaic (PV) panels are constantly being improved and can be a significant source of 
electricity despite currently only being able to convert approximately 10% of solar power into 
electricity.370  The batteries used to store electricity also have some efficiency draw backs and 
are composed of toxic materials although, grid connected systems do not require batteries for 
                                                 
367. “Navy Completes Solar Energy Project in Hawai‘i,” RenewableEnergyAccess.com, Pearl Harbor, Hawai‘i, 
(October 17, 2005) www.renewableenergyworld.com (accessed July 2008). 
368.  National Renewable Energy Laboratory, “Renewable Resource Data Center,”  
http://rredc.nrel.gov/solar/ (accessed multiple May – November 2008). 
369.  RS Means, Green Building: Project Planning & Cost Estimating, 2nd ed. (Kingston, Massachusetts: Reed 
Construction Data Inc., 2006), 121-122. 
370.  RSMeans, 120. 
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power storage but in the case of Ka‘ala Farm, Inc., this existing infrastructure does not extend 
to the mauka farm property.   
     Solar Attic Fans and Solar Water Pumps 
     Smaller solar interventions can supplement passive systems.  Solar attic fans can supplement 
air flow and movement when tradewinds and valley air circulation is weak and solar water 
pumps can supplement water flow where gravity cannot provide enough pressure for desired 
water use.  The largest available attic fan is a 20-watt component with most fans able to move 
800 cubic feet of air per minute.  The larger fans can serve 1,700 SF of living space.371  The fan 
speed responds to solar exposure, which coincides with heat gain in a building, therefore the fan 
works hardest when needed the most.  In Hawai‘i, solar attic fan users are eligible for the 30% 
federal tax credit and 35% Hawai‘i state tax credit.372   
     Simple solar water pumps without batteries may depend on sun exposure in order to be 
active.  Pumped water can then be stored in a tank.  Depending on the tank design and siting, 
this water could then be distributed via gravity, or even hand and foot pumps designed for 
remote farming.  There are global examples of simple low cost and low energy water 
distribution systems.  For example, the International Development Enterprises in Bangladesh 
has sold 1.5 million low cost bamboo foot pumps which can effectively pump one liter of water 
per second.373  Beyond just considering the water pump energy source and material, PVC 
alternative materials are on the market for water distribution systems as well, further 
improving environmental health and water quality.   
 
 
 
                                                 
371.  Whitton, 9-11. 
372.  Whitton, 10. 
373. British Broadcast Corporation (BBC), “Water: Rural Solutions,”  BBC World Service.com, 
http://www.bbc.co.uk/worldservice/specials/1628_ruralsolutions/page6.shtml (accessed December  
6, 2008).   
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Photovoltaic Design Strategy Appropriateness for Ka‘ala Farm, Inc.  
      Difficulties with solar power include the cost and therefore attainability, which is primarily 
driven by the use of the rare and expensive metal, indium, in solar cells.374  Some of this cost is 
offset by the incentive program:  
For photovoltaic systems, the maximum allowable credits are as follows: 
• Single family residential property is eligible for a credit of 35% of the actual cost or 
$5,000, whichever is less;  
• Multi-family residential property is eligible for a credit of 35% of the actual cost or 
$350 per unit, whichever is less; and  
• Commercial property is eligible for a credit of 35% of the actual cost or $500,000, 
whichever is less375 
 
As a non-profit, it would be likely that Ka‘ala Farms would be considered a commercial 
property.  “Costs for complete PV systems in 2005 varied from $5.80 to $9.73 per watt for grid 
connected systems with an average of $8.66/watt.  Off-grid systems with battery average about 
$13.00/watt.”376 There are estimates that in Hawai‘i, PV power could cost approximately $10 
per watt.377  The PV array support structure alone can be 5-7% of the system cost.378  The cost of 
PV applications continues to decrease, however it will be necessary to improve the efficiency of 
current materials or to find more plentiful alternative materials because both indium and silicon 
semiconductor materials are expensive.   
     Production and transportation of PV panels has high embodied energy.  The PV component 
materials have hazardous properties, creating difficulties with cradle to cradle lifecycle use.  For 
example, batteries have a limited lifespan and the component materials of the batteries cannot be 
easily or readily re-used.             
 
                                                 
374. Stephen Webb, “Cheap and Thin Will Win Solar Customers.”  Isla Earth Radio Series, Catalina Island  
Conservancy (August 4 2008)  http://www.islaearth.org/show.php?_sid=1217833200 (accessed  
August 5 2008). 
375.  “Hawai‘i State Solar Power Rebates, Tax Credits, and Incentives,”  SolarPowerRocks.com,  
http://www.solarpowerrocks.com/hawaii/ (accessed July 25, 2008). 
376.  RSMeans, 120. 
377.  State of Hawai‘i Department of Business, Economic Development and Tourism, “Solar,”  
http://hawaii.gov/dbedt/info/energy/renewable/solar (accessed August 8, 2008). 
378. RSMeans, 123. 
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Solar Water Heaters 
     Currently, more prevalent in Hawai‘i, is the use of solar power for water heating.  An 
estimated 80,000 facilities in Hawai‘i use solar water heating.379  Solar hot water is feasible for 
Ka‘ala Farms and could be used for dishwashing and showering.  Depending on the quantity 
and desirability to control exact water temperature, a passive technique such as the solar water 
heater bags described in the Finca Esperanza Verde case study could be much more economical 
or serve as an interim solution until a solar water heater system could be purchased.    
  “There are two main types of systems: passive and forced circulation. Within each type, there 
are several configurations. A passive water heater consists of a water tank integrated into or 
located above a solar collector. In an integrated collector storage (ICS) system, also called batch 
water heater, the water is heated and stored inside the collector.”380 Types of solar water heating 
systems include: 
Passive: relies on buoyancy (natural convection) rather than electric power to circulate 
the water. 
Active: requires electric power to activate pumps and/or controls.   
Direct: heats potable water directly in the collector. 
Indirect: heats propylene glycol or other heat transfer fluid in the collector and transfers 
heat to potable water via a heat exchanger381 
 
The most common system for domestic hot water uses is the mid-temperature systems which 
have an absorber plate in “an enclosure insulated with fiberglass or [polyisocyanurate], and 
with a low-iron cover glass to reduce heat loss at higher temperatures.  They produce water 18-
129 degrees F…above the outside temperature, and are most often used for heating domestic 
hot water…” (RSMeans 128).   
     There are a variety of solar collectors, but most  
…consist of a flat copper plate, painted black, that has water tubes attached to the 
absorber plate. As solar energy falls on the copper plate and is absorbed, the energy is 
transferred to water flowing in the tubes. The absorber plate is mounted in a casing that 
                                                 
379.  State of Hawai‘i Department of Business, Economic Development and Tourism, “Solar.” 
380. Toolbase Services.  “The Home Building Industry’s Technical Information Resource.”  Upper Marlboro, MD: 
National Association of Home Builders Research Center (2001-2008) www.toolbase.org/  
(accessed multiple January – November 2008). 
381.  RSMeans, 129. 
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has a clear covering and insulation to protect the absorber plate from heat loss. Other 
collectors include an integrated collector and storage system and the evacuated tube 
collector. Integral collector and storage systems combine the function of hot water 
storage and solar energy collection into one unit. Evacuated tube collectors produce 
higher temperature water and are more complex than flat plate collectors. Evacuated 
tube collectors consist of a series of tubes that contain a heat pipe to absorb solar energy 
and transfer it to a liquid medium. The tubes are evacuated (vacuum) so that there is 
very little heat loss from the tube.382 
 
Tankless water heaters typically run on propane, gas, or electricity, and are becoming 
popularized because they require less space.  Unless the power source could be solar power, 
tankless systems are less useful for application at Ka‘ala Farm, Inc.  Also, having the water tank 
could be considered useful for water storage and emergency use.  
Solar Water Heater Design Strategy Appropriateness for Ka‘ala Farm, Inc.  
     The Hawaiian Electric Company has stated that hot water is the largest domestic use of 
electricity for most households, 
accounting for 40% of the electric bill.383  
In Hawai‘i, the initial cost of a solar water 
heater is cited as approximately $5,250.00 
before rebates and tax credits.384 It is 
recommended that solar water heaters 
“…should be used to minimize life cycle 
cost.  It is never cost-effective to design a 
system to provide 100% of the load with 
solar because of the excessive investment 
in collector area storage volume.  The 
economic optimum is usually on the order 
                                                 
382.  Toolbase Services, “The Home Building Industry’s Technical Information Resource.”   
383.  Whitton, 5. 
384.  “Hawai‘i State Solar Power Rebates, Tax Credits, and Incentives,”  SolarPowerRocks.com. 
 
Figure 4.9 
Diagram of a closed loop indirect solar water heater system 
 
Image source:  
author using www.toolbase.org as drawing reference 
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of 70% of the load met with solar.”385  Solar water heaters are particularly effective on O‘ahu 
because it does not freeze. 
     For Ka‘ala Farms, a source of power is the first consideration to resolve before considering 
the need for hot water.  Such a system could be considered at a later phase of development.    
Wind Energy 
Wind Power Overview 
 
     Wind power, a function of solar energy on a global scale, is readily available in Hawai‘i and 
can be used at a residential as well as industrial scale.  The Department of Energy's Wind 
Program and the National Renewable Energy Laboratory (NREL) publish wind resource maps 
which show wind classification numbers.  Current maps show wind speeds and classifications at 
50 meters, which provides data for larger turbines or larger utility-scale wind.  However, there 
are options for domestic-scale wind power allowing residences (as well as commercial facilities) 
to use wind power on-site.  “Small-scale turbines such as those used by farmers and 
homeowners are designed to operate at lower wind speeds, and may be useful at average speeds 
as low as 5-6 meters per second (11.2 to 13.4 miles per hour, NREL class 2 to 3).”386   Wind 
speed specifically at Ka‘ala Farm, Inc. could be monitored with a hand held wind meter of the 
course of the year during different times of day in order to accurately determine the 
effectiveness of wind power at the site.  Data from the Wai‘anae Valley Weather Station shows 
windspeed varying in the general range of 5-15 mph (2.2 – 6.7 meters per second).387  
Traditionally, discussion about domestic wind power usually referred to smaller turbines 
                                                 
385.  RSMeans, 129.   
386.  Burnes and McDonnell, “Alternatives Report: Capacity Alternatives,” Associated Electric Cooperatives, 
http://www.usda.gov/rus/water/ees/pdf/aeci_alt_sec5.pdf (accessed October 2006).  
387. Weather Underground, “History for MWNVH1, Wai‘anae Valley Hawai‘i US; Yearly Summary for  
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“mounted on towers between 80 and 120 feet tall” which 
use battery storage or return power to the grid similar to 
solar power systems.388  
The amount of power generated by a wind 
turbine depends on the capacity of the turbine 
(rated in kilowatts, or kW) and the wind speed. 
Manufacturers will provide a power curve which 
shows the turbine’s output (in watts) at given 
wind speeds. For a typical home that uses 9,400 
kilowatt hours (kWh) per year, a unit rated at 
between 5 and 15 kW will meet most of the 
home’s electricity needs.389 
 
      The issue with these turbines is the height and 
required separate structure.  However, the Vertical Axis 
Wind Turbine (VAWT) has applications for parapet and 
roof top structures.  This very efficient turbine is smaller, creates less vibration in rotation and 
can be used in arrays to provide more electricity than a single turbine could offer.    
Wind Power Design Strategy Appropriateness for Ka‘ala Farm, Inc. 
     Specific data for costs of wind power in Hawai‘i depend on the type of turbine and efficiency. 
National databases indicate  
“… a complete grid-interconnected, 10-kW wind turbine costs between $40,000 and 
$50,000 and will produce between 800 and 2,000 kWh per month (depending on the 
wind resource).  As a rule of thumb, wind power systems tend to be cost effective in 
areas in which the average wind speed is 10 mph or greater.”390  
 
To help alleviate the impact of these costs, the maximum allowable credits are: 
• Single family residential property is eligible for a credit of 20% of the actual cost or 
$1,500, whichever is less;  
• Multi-family residential property is eligible for a credit of 20% of the actual cost or $200 
per unit, whichever is less; and  
• Commercial property is eligible for a credit of 20% of the actual cost or $500,000, 
whichever is less391 
 
                                                 
388.  Toolbase Services, “The Home Building Industry’s Technical Information Resource.” 
389.  Toolbase Services, “The Home Building Industry’s Technical Information Resource.” 
390.  Toolbase Services, “The Home Building Industry’s Technical Information Resource.” 
391.  “Hawai‘i State Solar Power Rebates, Tax Credits, and Incentives,” SolarPowerRocks.com.   
 
 
Model of a VAWT built by author 
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More information would need to be collected on the exact wind data at the Ka‘ala Farm, Inc. site 
in order to determine if wind power would be reliable and economical.  Whether or not wind 
would be able to supply all of the energy demands of the farm, it could serve as an important 
supplement to solar power sources.  
          Another aspect of wind to consider is the visual prominence in the landscape.  This would 
need to be further discussed with Ka‘ala Farms to better understand their view on the aesthetics 
of small wind power.  Wind power has been controversial in Hawai‘i in the past – some view 
this resource as a blight on the visual landscape which is a cultural resource as well as natural 
resource while others view wind power as a symbol 
of independence and a better option than power 
lines. 
 
Cooling 
Cooling Strategies Overview 
 
     In Hawai‘i passive climate design strategies 
usually refer to natural building cooling.  Cooling 
strategies involve building orientation, shape, 
volume, vegetation, building and site materials and 
color, ventilation, and construction.  Traditional 
regional vernacular is often comprised of elements 
which respond to climate.  Materials also impact 
climatic design.   
The traditional material for the hot-humid 
tropics has always been thatch of some kind 
or other.  Materials have included banana, 
reed, palm, etc, and all have possessed the 
near ideal properties of being lightweight 
 
 
 
Figure 4.10 
The psychrometric chart shows the relationship 
between enthalpy and humidity with the chart 
below indicating the typical comfort zone.  
High humidity reduces evaporative cooling to 
the skin.  Higher air velocity can shift the 
confort zone into the higher humidity areas.  
 
Image source: Lechner 60-61 
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and porous to air movement.  This resulted in avoidance of heat storage, whilst allowing 
air to actually pass through the roof.  Most thatching materials also remained fairly 
light in colour, reflecting away a large portion of solar radiation.392 
    
  Passive Cooling Design 
     There are three tiers of cooling, the most fundamental and important is the first tier – heat 
avoidance.  Effective strategies for heat avoidance were addressed in the shading section of 
passive daylighting.  The second tier is passive cooling and the third tier is mechanical 
cooling.393  There are different strategies for cooling hot dry climates verses hot and humid 
climates, so it critical to understand some basic cooling principles and climate data about the 
design site.  Human comfort is dependent on thermal balance which is “…the balance between 
metabolic heat gains and heat losses to the environment.”394 These quantities can be measured 
with empirical data.  From sleeping to peak activity, the body can typically generate from 80-
500 watts with heat as a byproduct.395  Comfort ranges also depend on relative humidity and the 
velocity of airflow.     
     The effectiveness of passive cooling depends on temperature differences.  “As much as 
possible, passive cooling uses natural forces, energies, and heat sinks.”396   Passive systems 
depend on the heat sink to be a lower temperature than the building.397 True in the case of 
Wai‘anae, “one of the main characteristics of the hot-humid climate is the small diurnal range 
and the small annual range of temperature.”398 Night-flush cooling and comfort ventilation are 
mutually exclusive because night-flush depends on having a thermal mass and a closed building 
envelope during the day whereas comfort ventilation relies on outdoor air being brought 
through a space during the day.  Bringing in ventilation during the day is the more appropriate 
technique in Hawai‘i because of the constant trade winds and the smaller temperature difference 
                                                 
392.  Nick Baker, Passive and Low Energy Building Design for Tropical Island Climates (London: The   
Commonwealth Secretariat, 1987), 58. 
393. Lechner, 246. 
394.  Baker, 22. 
395.  Baker, 22. 
396.  Lechner, 254. 
397.  Baker, 115.  
398.  Baker, 118.  
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between day and night temperatures.399  Relying on a heavy thermal mass would be more 
effective in a hot arid climate with a cool night sky.  In humid climates or climates which require 
little or no heating,  
… lightweight construction is appropriate.  In such climates, any thermal mass used 
will only store up the heat of the day to make the nights less comfortable...In the United 
States only southern Florida and Hawai‘i (climate region 13) fit in this category.  In 
these climates, a moderate amount of insulation is still required to keep the indoor 
surfaces from getting too hot due to the action of the sun on the roof and walls.  The 
insulation keeps the mean radiant temperature (MRT) from rising far above the indoor 
air temperature since that would decrease thermal comfort.400 
 
There are five methods of passive cooling:401 
 
Types of Passive Cooling Systems 
I.  Cooling with Ventilation 
A.  Comfort ventilation: Ventilation during the day and night to increase 
evaporation from the skin and thereby increasing thermal comfort 
B.  Night flush cooling: Ventilation to precool the building for the next 
day. 
II.  Radiant Cooling 
A.  Direct radiant cooling: A building’s roof structure cools by radiation 
to the night sky. 
B.  Indirect radiant cooling: Radiation to the night sky cools a heat-
transfer fluid, which then cools the building. 
III.  Evaporative cooling 
A.  Direct evaporation: Water is sprayed into the air entering a building.  
This lowers the air’s temperature but raises humidity. 
        B.  Indirect evaporative cooling: 
Evaporation cools the incoming air or the building without raising the 
indoor humidity. 
IV.  Earth Cooling 
A.  Direct coupling: An earth-sheltered building loses heat directly to the 
earth. 
B.  Indirect coupling: Air enters the building by way of earth tubes 
V.  Dehumidification with a Desiccant: Removal of latent heat   
 
Of these methods of passive cooling the most applicable to the design site for Ka‘ala Farm, Inc. 
is comfort ventilation. There are a number of strategies for cooling a building regarding the 
building site, roof form, insulation material, and wall treatment:   
 
                                                 
399.  Lechner, 266.   
400.  Lechner, 266-268. 
401.  Lechner, 255. 
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Site 
As seen with daylighting, the orientation of the building in regards to sunlight as well 
as wind direction is critical.  Site features such as tree canopies, can absorb solar 
radiation, contributing to cooling by convection.  Cooling is also caused by evaporation 
from ground and vegetation.402  Vegetation can prevent surrounding heat island effects 
and surface material colors can contribute significantly to daylight and heat reflection 
or absorption.   
Roof 
The roof color, shape, materials, 
insulation and ventilation openings 
relate to the effective cooling qualities.  
The “…surface temperature of a 
medium gray colored roof was elevated 
as much as 55 degrees F. above a 
whitewashed roof.”403 Green roofs are also known to reduce the heat load. 
Solar chimneys are effective, especially at sites where there are low wind speeds. The 
benefit is not much different than that measured from ventilation of a building envelope 
relying on the stack effect.404  Solar chimneys are not necessary in Hawai‘i locations 
because of the constant tradewind. 
The roof shape and placement of openings are significant in promoting air circulation.   
Ridge effect ventilation is wind-induced pressure distribution.405  “A vented double roof 
is desirable, the upper roof functioning as sun protection.  It must be watertight, 
                                                 
402.  Baker, 20. 
403.  Royle, G-41. 
404.  Baker, 126. 
405.  Baker, 127. 
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insulated and reflect solar rays.  A wide overhang is necessary for rain protection and 
for reduction of sky glare…”406  
Insulation 
Most forms of thermal insulation restrict conductive and convective heat flow 
by trapping layers of still air, much like a down jacket.  Stopping the flow of 
heat into a building through radiation may be more important in Hawai‘i, 
particularly in roofs and attics.  In attic spaces radiant barriers are most 
effective either draped over or fastened to the underside of the top chord of a 
truss or a rafter system…For roofs without attics and in wall systems, radiant 
barriers can be installed facing unvented or, preferably, vented air spaces.  
Radiant barrier systems will be most effective for roofs, unshaded west and east 
walls, and other wall applications (in that order).407  
 
R-11 is indicated as an appropriate level of wall insulation in Hawai‘i according to the 
Hawai‘i AIA Chapter with ceiling insulation being particularly necessary in naturally 
ventilated buildings to reduce the ceiling Mean Radiant Temperature.408  
Walls 
Olgyay’s text describes the walls as less important than the roof.  They are described as 
primarily as screening and insect barriers.  It is repeated that for a humid climate, 
“Light heat capacity walls are best, for thermal lag may cause night re-radiation of heat 
and morning condensation.”409  However, wrapping a second envelope around a 
structure can provide effective insulation properties, ventilation, or daylighting options, 
depending on how the surface is treated.  Rainscreens or heat screens provide a 
ventilation cavity that allows the flow of air across the structure and helps wick away 
moisture from the building as the heated air rises. 
      Ventilation Cooling 
     The remainder of this report focuses on the concept of cooling with ventilation, which is 
arguably the most appropriate passive cooling strategy for most sites in Hawai‘i.   
                                                 
406.  Victor Olgyay, Design with Climate: An Approach to Bioclimatic Regionalism (Princeton, NJ: Princeton 
University Press, 1963), 174.  
407.  Royle, G41. 
408.  Royle, G-40. 
409.  Olgyay, 174. 
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 Rules for Comfort Ventilation in Hot and Very Humid Climates410 
1.  See Fig 4.11 [psychrometric chart] for the climate conditions for which comfort 
ventilation is appropriate. 
2.  Use fans to supplement the wind. 
3.  Maximize air flow across the occupants. 
4.  Lightweight construction is appropriate only in climates that a re very humid and 
that do not require passive solar heating. 
5.  Use at least a moderate amount of insulation to keep the MRT near the air 
temperature. 
6.  Operable window area should be about 20 percent of the floor area split about 
equally between windward and leeward walls. 
7.  Windows should be open both during the day and during the night.  
 
The prevailing wind on O‘ahu is from the East and East-North-East.411  This wind direction is 
in conflict with the ideal solar orientation of minimizing east and west walls to the rising and 
setting sun.  Resolution of this conflict in ideal solar direction and ideal wind direction can be 
achieved by using fin walls as indicated in the diagram published by the Hawai‘i Chapter AIA 
above.  However,   
Winds exert a maximum pressure when they are perpendicular to a surface, and the 
pressure is reduced about 50 percent when the wind is at an oblique angle of about 45 
degrees,  However, the indoor ventilation is often better with the oblique winds because 
they generate greater turbulence indoors…412  
                                                 
410.  Lechner, 269. 
411. “Wind and Weather Report,” Windfiner.com, http://www.windfinder.com/windstats/   
windstatistic_kaneohe.htm (accessed July 2008).   
412.  Lechner, 259. 
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The other benefit to oblique winds is that they can sweep across a space at an angle, covering 
more surface area rather than passing directly through a space.  In the case of the Ka‘ala Farms 
site, the sloped terrain is considered for facility siting in addition to the solar and wind 
directions.  Implementation of shading strategies and incorporating landscaping and tree 
canopies is also used to direct airflow and provide shade.     
 
Figure 4.11 
The prevailing wind direction in Hawai’i is in conflict with optimal position to reduce solar heat gain 
 
Image source Royle B16 and 17 
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The concept of oblique winds providing increased coverage of moving air across a floor space 
could be tested in a wind tunnel or with smoke or bubble tests to actually see the patterns. 
Victor Olgyay shows photographs of wind testing in his text Design with Climate but none of the 
models show the wind source contacting the structure from an oblique angle, nor do they show 
a floor plan with openings staggered across from each other.  All of the inlet/outlet openings 
are directly across from each other when they are positioned on opposite walls.  Should the 
oblique angle be a better model, it seems that also staggering the window openings would 
promote a wider sweeping pattern of wind coverage across the floor space.  In addition to 
placement and size of wall openings and direction of the wind, effectiveness of all of these 
 
Figure 4.12 
Landscaping can effect daylighting, shading, and wind direction both in section and in plan. 
 
Image source: Watson, 92. 
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models would also depend on the air velocity, the distance it travels, and the temperature 
difference across the volume. 
      “The factors that determine the pattern of air flow through a building are the following: 
pressure distribution around the building; direction of air entering windows; size, location, and 
details of windows; and interior partitioning details.”413 The inlet and outlet should be the same 
size, or if there is a size difference, it is better that the inlet be the smaller of the two.  This will 
create higher velocities just inside the inlet, though.  The ideal location for the inlet in section is 
the lower half of the wall, but not floor level, in order to provide air flow within the range of 
human activity at seated or standing height.414  “The inlet opening not only determines the 
velocity, but also determines the air-flow pattern in the room.  The location of the outlet, on the 
other hand, has little effect on the air-velocity and flow-pattern.”415  Specifically, for human scale 
ventilation, it is recommended that the inlet window sill be 1-2 ft above floor level to reach 
people sitting or reclining.  Hopper and jalousie windows tend to direct airflow upward so they 
can be placed low on a wall.  The outlet opening however, should be high on the wall to 
facilitate drawing the air out of the space as it warms.416 “For comfort ventilation, the operable 
window area should be about 20 percent of the floor area with the openings split about equally 
                                                 
413.  Lechner, 259. 
414.  Olgyay, 104-111.  
415.  Lechner, 262. 
416.  Lechner, 262. 
                      
Figure 4.13 
1) Direct airflow through a space in diagram 1 is compared to a space 2) where the airflow comes from an oblique 
source, causing the air to flow through more of the space.  3) Placement of the outlet asymmetrically from the inlet 
with the airflow coming from an oblique source further spreads the airflow across the floor space.   
 
Image source: author, informed by Olgyay and Lechner sources 
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between windward and leeward walls”, 
which can have enhanced benefits from 
also shading the ventilation air in order 
to keep the temperatures of the supply air 
as low as possible.417  Additionally, air 
flow can be decreased by as much as 50% 
from an insect screen, depending on the 
angle at which the air stream hits the 
screen.418 In order to offset this 
inefficiency, the size of the opening needs 
to be increased. 
      Roof design is critical to air flow 
patterns.  “Air flows either because of 
                                                 
417. Lechner, 268. 
418. Lechner, 263. 
 
Figure 4.14 
The ideal inlet/outlet placement allows for ventilation 
from low to high, using the heat stack effect to help draw 
the air through the building.  This roof configuration also 
facilitates positive to negative pressure which helps pull the 
air through the space.  This diagram emphasizes that 
although this configuration is ideal for ventilation, this is 
not ideal for providing views for the occupants or for 
providing daylighting through these openings.  The design 
challenge is to incorporate both comfort and function. 
 
Figure 4.15 
Image source: Lechner, 256. 
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natural convection currents, caused by differences in temperature, or because of differences in 
pressure…”419  The images at right show the pressure differences created by various roof 
pitches.  In addition to the roof pitch, roof openings can be used to facilitate airflow.      
     In areas where there is not constant or strong airflow, additional measures can be 
implemented.  As mentioned on page 4, solar chimneys can be used to increase ventilation.  
Also, wind turbines or deflectors on the roof have been shown to increase ventilation anywhere 
from 130% - 220% depending on the design of the apparatus.420 
 
Passive Cooling Design Strategy Appropriateness for Ka‘ala Farm, Inc.  
     Like passive dayligting, passive cooling makes particular sense for the Ka‘ala Farm, Inc. site 
because it is economical and plentiful.  There is some wind onsite and building design can 
further facilitate airflow by proper siting, orientation, volume design, roof pitch, opening 
                                                 
419.  Lechner, 255. 
420.  Lechner, 264. 
    
Figure 4.16 
1) The Bernoulli principle functions due to a change in air velocity, which increases as the height “h” increases and 
pressure decreases. 
 
2) A gabled roof functions like a Venturi tube and any air will be drawn through openings near the ridge, which 
has negative pressure. 
 
3) The stack effect will work only when the indoor temperature difference for distance “h” is greater than the 
outdoor temperature difference for distance “h”.  The configuration in this diagram shows flushing an attic space, 
but the concept can be applied to living spaces as well.  This can be an effective strategy in a centralized stairwell, 
which has an “h” value higher than typical floor to ceiling height. 
 
Image source: author in reference to Lechner, 257. 
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placement, and even landscaping.  Additional cost could be due to added design time, but there 
is not necessarily an additional material cost associated with passive cooling.   
Active Cooling Design Strategy Appropriateness for Ka‘ala Farm, Inc. 
     In reviewing the needs for Ka‘ala Farms, active cooling is not a top priority for the facilities.  
Passive cooling should be adequate for immediate requirements.  Should active cooling be added 
at a later development stage, there are three ways to reduce the impact of mechanical cooling 
systems. The first is to review the type of refrigerant being used in a system.  Historically, 
refrigerants have been carcinogens, flammable, and ozone-depleting toxic substances.  However, 
neutral coolants are becoming available.  There are even cooling systems using CO2 as the 
cooling agent.421  Second is to reduce the energy demand.  There are Energy Star and energy 
efficient appliances rated according to the American Refrigeration Institute (ARI).  Low energy 
appliances which reduce the initial power requirement are becoming widely available such as the 
split system air conditioner.  Specifying systems which allow the user to control the airspeed 
and temperature also ensure the appropriate level of cooling is provided to match the need.  
Third is cooling through waste heat removal.  This can be achieved by air cooling, evaporative 
cooling, or air cooled coils where air cooling is less effective than evaporative cooling.422   
 
                                                 
421.  Emil Venere, “Carbon Dioxide Promises Green Alternative for Air Conditioners, Refrigerators,” 
Purdue University News (March 10, 2006) http://news.uns.purdue.edu/html4ever 
/2006/060310.Groll.CO2meeting.html (accessed November 28, 2008).  
422.  RSMeans, 87. 
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Water 
     With limited water resources, requirements can be actively managed by separating potable 
and non-potable water needs and employing water recycling strategies while reducing the 
initial requirements.  Low-flow shower and faucet fixtures, dual flush toilets, sensor faucets and 
gray water irrigation systems are becoming more common strategies.  More aggressive 
strategies explored here include: 
• Green roofs 
• Rain water catchment systems 
• Composting Toilets 
• Pervious Paving    
 
     Green Roofs/Living Roofs 
     Green roofs use vegetation to collect rain water, reducing run-off on impervious surfaces and 
erosion.  The soil, vegetation, and water on green roofs have insulation properties and 
contribute to oxygen generation. 
     Green Roofs are categorized into extensive and intensive systems:  
Extensive systems 
Extensive systems have a shallow soil base which can function on a slope up to 35 
degrees but require a baffle system on any slope over 20 degrees to prevent soil from 
sliding or slumping.423   
Extensive roofs usually have limited plant diversity, typically consisting of 
sedum (succulents), grasses, mosses, and herbs.  They are often not 
accessible…The growing medium is typically  approximately 2-6 inches of a 
mineral based mixture including “sand, gravel, and organic matter…424   
 
 Extensive systems have less structural limitations than intensive systems, offering a      
             more flexible design application. 
 
                                                 
423.  Grondzik, 49.   
424.  Grondzik, 49.   
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Plant roots bond to underlay fabric which helps prevent uplift because it binds the 
whole system together into a single blanket.  It’s important to have a system for 
drainage of excess water and a properly installed waterproof membrane protecting the 
roof structure.           
 
Intensive systems 
Deeper soil base used for intensive systems is typically 12-36” where roofing which 
includes tree plantings can require a soil base up to 36”.425  The deeper soil allows a 
greater variety and diversity of plants.  This also adds weight from the growing 
material, vegetation and capacity for holding water requiring a more intense structural 
support system.  This translates to a higher cost and increased environmental benefits, 
but this space can often be a useable space as well as a rooftop garden or courtyard.  
When green roofs are designed as part of a building from the onset, the structural loads 
can be readily incorporated into the facility.  Roof pitch, depth of planting material, and 
weight of materials are some preliminary factors to use in initial green roof design. 
 
                                                 
425.  Committee Chairperson, Dawn Easterday, Landscape Architect. 
 
Figure 4.17 
Green roof detail 
Image source: author, referenced image from  
http://www.greenroofs.com/images/guest-0408_nrca2.jpg 
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Green Roof Minimum Planting Soil Depths 
Planting Minimum Soil Depth 
Lawns 8-12 inches 
Flowers and ground cover 10-12 inches 
Shrubs 24-30 inches 
Small Trees 30-42 inches (12-36 inches)* 
Large Trees 5-6 ft  
  Table 4.2426  
Approximate Weight of Green Roof Materials 
Extensive growing media available in Hawai‘i ranges from approximately 20 to 30 lbs/SF for a base 4”-6” 
deep.427 
 
                                                 
426.  Grondzik, 52; * Grondzik table modified according to input for Hawai‘i from Committee Chairperson, Dawn 
Easterday, Landscape Architect.   
427. Committee Chairperson, Dawn Easterday, Landscape Architect. 
Material Dry 
lb/ft3 
Wet 
lb/ft3 
Sand/gravel 90 120 
Cedar shavings with fertilizer 9.3 13 
Peat Moss 9.6 10 
Redwood Compost and 
Shavings 
15 22 
Fir and pine bark humus 22 33 
Perlite 6.5 32 
Topsoil 76 78 
Concrete 
Lightweight 90 N/A 
Precast 130 N/A 
Reinforced 150 N/A 
Steel 490 N/A 
Table 4.3 
     Table Source: Grondzik, 53. 
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Green Roof Design Strategy Appropriateness for Ka‘ala Farm, Inc. 
     Green roof systems may be useful at Ka‘ala Farms for demonstration purposes or for 
application of cooling properties of green roofs to some structures.  However, the trade-off 
between green roof benefits and using roof space for solar panels needs to be compared.  The 
roof surface is also important for rainwater catchment for Ka‘ala Farms.  Green roofs may be 
more appropriate in a more urban setting that has issues with storm drainage run-off from 
impervious surfaces, not enough land area for garden growing, or in a climate that would 
particularly benefit from the additional insulating properties of a green roof.  Therefore, if a 
green roof is used at Ka‘ala, it would be considered secondary to using the roof structure for 
energy and water needed. 
 
Green roofs significantly reduce heat gain     Image Source: Grondzik, 50. 
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Rain Water Catchment 
     The University of Hawai‘i Department 
of Natural Resources and Environmental 
Management College of Tropical 
Agriculture and Human Resources has 
published Guidelines on Rainwater 
Catchment Systems for Hawai‘i.  This and 
other publications cover concepts of tank 
design, system materials, water quality 
issues, and water uses.  Rainwater can be 
used for potable and non-potable uses as well as passive cooling systems.  The horizontal area of 
the catchment system coupled with the amount of rainfall determines the yield of a water 
catchment system.  Roof catchment systems must give careful consideration to materials, since 
this affects the water quality.   
Factory enameled (baked) galvanized steel or uncoated stainless steel are good roofing 
choices.  Metal finishes must be lead- and heavy-metal free.  Asphalt shingles, wood 
shakes, and concrete/clay tiles are more likely to support the growth of mold, algae, and 
moss than are metal surfaces.  Treated wood shingles may leach preservatives; asphalt 
shingles may leach petroleum compounds.  A rough or porous roofing material will 
retain some water that might otherwise run off and be collected…428  
 
Likewise, the materials of the storage cistern are important depending on the water use.  The  
cistern should be sited upstream from sewage systems.  Underground tanks are more difficult to 
maintain, but can prevent contaminants such as acid rain, volcanic ash, and leave more outdoor 
space than above ground systems.  Also the earth acts as an insulator helping to stabilize the 
stored water temperature.  
 
 
                                                 
428.  Grondzik, 244. 
 
Rainwater catchment system on the Big Island of Hawai‘i 
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Rain Water Catchment Design Strategy Appropriateness for Ka‘ala Farm, Inc. 
     Rain water catchment is frequently used in Hawai‘i to supplement fresh water sources, 
particularly on the Big Island.  The equipment for non-potable rain water catchment is readily 
available on-island.  For Ka‘ala Farms, this is one of the purest water sources available which 
should need minimal filtering and/or treatment compared to other water options such as 
purifying stream water, well drilling, or using a Reverse Osmosis Water Purification unit.      
For rainwater catchment systems, “…cost varies enormously depending on the chemical 
qualities of the rain and the roof, and the end use of the water. A complete system (not including 
the roof) can cost $20,000, albeit with sophisticated filtering and purification components, 
whereas a system used for watering plants may run only $200.”429  Use of catchment water for 
potable purposes requires a permit and periodic testing according to the Department of Health 
and Sanitation Safe Drinking Water office, but this appears to be a feasible strategy upon initial 
evaluation.  The amount of rainfall available at Ka‘ala Farms is not enough to meet all of the 
needs for farming and living, however if rainwater is treated to be made potable, it could be a 
significant source of drinking water and hand washing water. 
Composting  
     Composting reduces potable water use, reduces impact on the sewage system infrastructure, 
and provides a useable fertilizer.  Green composting, vermicompost and human waste compost 
are all options for waste processing.   
     The NRCS Hawai‘i Backyard Conservation handbook explains the difference between hot 
and cold composting of green materials.  Cold composting can be done with grass clippings and 
dry leaves.  The materials can remain on the ground or in a bin.  It takes several months for 
these materials to decompose.  Hot composting requires building a pile in a 4 or 5 foot cube, 
which shrinks as it decomposes.  3’ is the minimum for the material to compost.  The material 
temperature can rise to 110-160 degrees which kills weed seeds and plant diseases. 
                                                 
429.  Toolbase Services, “The Home Building Industry’s Technical Information Resource.” 
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     Green compost can then be used for mulch.  Mulch application is recommended as follows for 
some common materials:  
Application of Mulch Material 
Material Layer/depth Life Span of Material 
Burlap 1 layer 6 months 
Chipper 3-4 inches 6-9 months 
Cinder/gravel 3-4 inches 1-2 years 
Compost 3-4 inches 6-8 months 
Lawn clippings 1-2 inches 1-3 months 
Macadamia husk 3-4 inches 8-10 months 
Newspaper 3-6 sheets 2-6 months 
Plastic film 1 layer 10-36 months 
Saw dust 1-2 inches 4-6 months 
Woven weed barrier 1 layer 3-5 years 
Wood chips 3-4 inches 6-9 months 
Table 4.4  
Table source: 
Natural Resources Conservation Service (NRCS),  
“Hawai‘i Backyard Conservation: Ideas for Every Homeowner.”  
 
     Another strategy for mulch is to use logs,  
 
“In Hawai‘i, a traditional strategy is to rot the logs of the kukui tree (Aleurites 
moluccensis) in the shallow water of the taro terraces.  As logs rot, an edible fungi 
appears which is taken off as crop.  The remaining log is then crushed and spread in the 
taro terrace.  Leaves and branches of the kukui and other forest trees were gathered for 
the same purpose (terrace mulch).”430 
 
     Vermicompost is another composting strategy which can accelerate the process and results 
in nutrient rich worm castings which can be applied to the soil.  Only 10cm of the product is 
needed for one shrub or potted plant.  Worms can process organic matter that is low in water, 
acid, and protein.431  “Based on this study, it can be concluded that vermicompost application 
reduces the inorganic fertilizer bill to the tune of 25 per cent and also improves the soil fertility 
status, green and dry fodder yields and fodder quality.”432 
                                                 
430.  Mollison, 255-256. 
431.  Australia ABC Television, Gardening Australia, “Fact Sheet: Building a Worm Farm,” ABC Gardening Australia. 
Presenter Jane Edmanson (aired April 22, 2006) http://www.abc.net.au/gardening/    
stories/s1620935.htm (accessed November 5, 2008).   
432. M.R. Backiyavathy and G. Vijayakumar,  “Effect of Vermicompost, Inorganic and Bio Fertilizer Application on 
Fodder Yield and Quality in Maize + Cowpea Intercropping System,” Coimbatore, India: Tamil Nadu Agricultural 
University (July 15, 2006) http://a-c-s.confex.com/crops/ wc2006/techprogram/   
P18737.HTM (accessed November 3 2008). 
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     Organic waste makes up 34% of O‘ahu’s waste stream.  “Annually, 50,000 tons of food waste 
alone is generated on O‘ahu…The average family generates four pounds of food waste per week. 
If only 5,000 households shifted their practice of flushing or throwing away food waste to 
feeding a worm colony...5,000 households x 4 pounds = 20,000 pounds or 10 tons; 10 tons x 52 
weeks = 520 tons of waste are diverted from O‘ahu's waste stream each year.”433 
     Lastly, human waste composting is regulated in Hawai‘i on a case by case basis.    Hawai‘i 
Administrative Rules, Chapter 11-62 (30 August 1991) define composting and state the 
regulations.  Specific processes are allowed for composting: 
 
Solid waste that possess a pathogen concern, shall be composted and meet the criteria 
for reducing pathogens. Three acceptable methods are: (i) Using the windrow 
composting method, the solid waste is maintained under aerobic conditions during the 
composting process. A minimum of five turnings is required during a period of fifteen 
consecutive days with the temperature of the mixture being fifty-five degrees Celsius or 
greater within six to eight inches below the surface of the pile.  (ii) Using the aerated 
static pile composting method, the compost pile must be insulated and a temperature of 
not less than fifty-five degrees Celsius or greater must be maintained throughout the 
compost pile for at least three consecutive days. (iii) Using the enclosed vessel 
composting method, the mixture must be maintained at a temperature of not less than 
fifty-five degrees Celsius or greater throughout the mixture for at least three 
consecutive days. (iv) Other methods may be submitted to the director and they will be 
approved on a case-by-case basis.434 
 
     The composting toilet can significantly aid with potable water use reduction.  Aerobic 
bacteria and fungi aided by exposure to oxygen break down human waste up to 10-30% of its 
original volume.435  A planning factor for use of the humus as plant fertilizer is 25 uses produces 
approximately 1 gallon of humus, which cannot be used near water sources or on edible crops.436 
  
 
 
                                                 
433.  Waikiki Worm Company.  http://www.waikikiworm.com/1wwhome.html (accessed November 30 2008). 
434. State of Hawai‘i, Department of Health, “Hawai‘i Administrative Rules Title 11 Department of Health  Chapter 
58.1 Solid Waste Management Control,” http://hawaii.gov/health/environmental/waste/sw/pdf/11-581.pdf (accessed 
September 15, 2008). 
435.  Grondzik, 229.  
436.  Grondzik, 231.  
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Approximate Composting Toilet Dimensions 
Type of Tank Uses per Day Length Width Height 
Self-contained 6 25 33 25 
Remote Tank 9 44 26 27 
Remote Tank 12 69 26 30 
Remote Tank 80 115 62 64 
Remote Tank 100 115 62 89 
Table 4.5437 
Ka‘ala Farm, Inc. would be in the range of 80 uses per day for the public visitor’s center and possibly the 12 uses per 
day range for the living area  
      
Composting Design Strategy Appropriateness for Ka‘ala Farm, Inc. 
     Composting toilet design and 
permitting are reviewed in the state on a 
case by case basis. Use of composting 
toilets requires permitting and 
engineering review per the Department 
of Health and Sanitation.  It is likely that 
Ka‘ala Farm, Inc. would require a permit 
for composting due to the quantity of 
visitors who visit the property over the 
course of the year (25+ people >60 days 
per year).438  Extensive guidelines for 
                                                 
437.  Grondzik, 230. 
438.  Hawai‘i State Department of Health Compliance Assistance Office, telephone conversation with author, October 
1, 2008. 
 
Figure 4.18 
Composting toilet section. 
 
Image source: author; based on design criteria in 
“Sanitario Ecologico Seco; Manual de diseno, 
Constuccion, uso y matenimento.” 
urine 
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composting include the need for temperature monitoring, sample testing, site storm water flow 
analysis, fire prevention and response plan, and daily log.439   The estimated volume of waste as 
well as application for the compost must be submitted with the permit application.  Specific 
guidelines are available through the Department of Health and Sanitation regarding composting 
specifics.  There are also useful composting toilet precedents at state parks and hiking sites.  
Ka‘ala Farms has the physical resources, need the management resources 
     In addition to composting toilets, green composting and vermicomposting are both viable 
strategies for Ka‘ala Farms.  The Natural Resources Conservation Service (NRCS) has a 
handbook entitled Hawai‘i Backyard Conservation which outlines basic green composting 
guidelines.  Additional design concepts and resources are addressed in Chapter 6. 
                                                 
439. State of Hawai‘i, Department of Health, “Permit Application for Solid Waste Management Facility,”  
Environmental Management Division; Solid and Hazardous Waste Branch, http://hawaii.gov/   
health/environmental/waste/sw/pdf/2GENAPP-composting-all%202008.pdf.  
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Pervious Paving 
     Typical paving systems are impervious, causing water to run 
off these surfaces into storm water drainage systems, carrying 
with them surface pollutants and facilitating erosion by not 
being able to percolate into the soil and contribute to plant 
growth and other necessary natural processes.  Permeable 
surfaces allow the natural filtering of some contaminants from 
water as it settles through soil, rock, and root layers recharging 
aquifers and improving water quality.  Pervious surfaces also 
help to prevent flooding by reducing the amount of water 
channeled into storm water systems.  The primary types of permeable surfaces include: plastic 
grid systems, porous asphalt pavements, porous block pavements, and porous cement 
concrete.440 
Table 4.6 Pervious Paving Systems      
 
 
 
                                                 
440.  Grondzik, 249. 
Porous Paving 
System 
Material Composition  System Function Typical 
Recommended Use 
plastic grid 
systems 
Plastic lattice filled with 
aggregate, soil, grass, or 
ground cover 
Lattice structure protects 
fill materials from erosion 
and allows water to flow 
through 
Pedestrian or light 
traffic 
porous asphalt 
pavements 
No small aggregate Water flows through 
substantial voids 
Roads and parking 
lots 
porous block 
pavements 
Modular interlocking 
brick, stone, or concrete 
installed over typical 
aggregate base with sand 
bedding 
Water flows to underlying 
substrate via channels in 
block design 
High and low load 
conditions 
(sidewalks/driveways) 
porous cement 
concrete 
No fine particles and sand Allows water to drain 
between large aggregate 
voids 
Parking lots and 
streets 
 
Pervious pavers adjacent to 
asphalt at Calvary by the Sea 
Lutheran Church in Aina Haina  
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     Porous paving is also a method in addition to landscaping, that can assist in reducing heat 
islands and surface temperatures.  “The voids in the materials trap moisture, which due to the 
high specific heat of water, reduces the temperature increase that accompanies the absorption of 
solar radiation.”441  Porous materials can be chosen for their reflective qualities and plastic grid 
systems which incorporate plantings, can reduce surface temperatures through 
evapotranspiration.442   
Pervious Paving Design Strategy Appropriateness for Ka‘ala Farm, Inc. 
     Pervious pavers for walking paths and roads are applicable to the Ka‘ala Farm, Inc. site.   
Pervious pavers cost 10-40% more than asphalt surfaces, not necessarily due to the material 
expense, but because of the demand and ample supply for asphalt keeps the prices lower than 
alternative systems.443 Pavers have a 15-20 year lifespan.444  It is worth the ecological 
investment for Ka‘ala Farm, Inc. to protect the surrounding land as much as much as possible.  
More specific systems will be described in Chapter 6. 
                                                 
441.  Grondzik, 250. 
442.  Grondzik, 250.  
443.  “A Source Book for Green and Sustainable Living: Pervious Paving Materials,”   
http://www.greenbuilder.com/sourcebook/PerviousMaterials.html (accessed July 28 2008).  
444.  “Lake Superior Duluth Streams.Org,”  Funded by United States Environmental Protection Agency,  
National Oceanic and Atmospheric Administration, and Minnesota Lake Superior Coastal Program,   
www.lakesuperiorstreams.org (accessed Aug 2008).   
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Shelter Materials 
      
     In addition to renewable resources for energy and climate control, sustainability also refers 
to the use of renewable green materials.  Building code acceptance and regulation of alternative 
building materials is a challenge.  Alternative building materials most readily found in Hawai‘i 
include earth, grasses, wood, stone and recycled materials.  Building codes allow the use of some 
of these materials as well as the use of traditional Hawaiian building methods to be applied in 
some cases.   
     Earth     
     Earth construction materials include adobe, rammed earth, cob, earthbag and papercrete.  
These materials will only be briefly described.  Upon investigation into these materials for 
building purposes, they prove to be less appropriate for the Ka‘ala Farm, Inc. Visitor’s Center 
structure because of the thermal properties of earth.  Earth retain heat which in the Wai‘anae 
climate would likely re-radiate heat back into the building cavities at night.  These materials 
could be used for smaller projects (plant beds, minor retaining walls, benches, water channeling, 
etc) or in combination with other materials.       
Adobe 
Adobe is comprised of unfired sun-dried 
stabilized earth and is traditionally most 
common in countries with dry climates.   
"Almost any soil having a 15% to 20% clay 
content may be used for the mud mixture; 
soils with a higher clay content may require 
tempering with sand or straw to make 
satisfactory bricks.  Gravel or other coarse 
aggregate may make up 50% of the volume of the mix.  The mixing water should not 
contain dissolved salts, which can recrystallize and damage the brick upon drying.”445 
  
                                                 
445.  Ching, Francis D.K. and Cassandra Adams, Building Construction Illustrated, 3rd ed.  (New York: John Wiley 
and Sons, 2001), 5.31. 
 
Adobe brick making demonstration by  
Tim Reith at Hoa ‘Āina O Mākaha 
community day 
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Common brick dimensions range between 10” x 14” x 2”-4” thick with each brick 
weighing up to 25-30 lbs.446  The material has an overall low embodied energy partly 
because it is often manufactured on or near the building site.  
Rammed Earth 
Rammed earth, similar to adobe, has properties which serve well as a thermal mass.  
“The soil mixture should contain less than 50% clay and silt, and a maximum aggregate 
size of 1/4"…”447  Rammed earth is formed as earth with 10% moisture content is 
compacted into layers of 6’ or less of material.448  
Cob 
Cob is similar to rammed earth building but includes straw in the mixture and is most 
appropriate for hot dry climates.  
Earthbag  
Earthbag construction is essentially sandbag stacking.  The bags can be polypropylene 
which is a common rice bag material or more natural materials such as burlap.  The bag 
contents are typically earth, rock, or rice hulls and the structure is covered with stucco 
or plaster.449  
Papercrete   
This is a material compared to the concept of papier-mâché as a building material.  The 
mixture is created from paper fiber, Portland cement, and clay.  The applications of this 
material are as individual bricks or the materials can be cast as monolithic walls.  The 
insulation properties of the material and ability to withstand the elements over time are 
still in experimental phases.450 
                                                 
446.  Ching, 5.31. 
447.  Ching, 5.32. 
448.  Ching, 5.32. 
449.  “Earthbag Construction,” Wikipedia.org., http://en.wikipedia.org/wiki/Earthbag_construction  (accessed 
November 30, 2008). 
450.  “Papercrete,” Wikipedia.org., http://en.wikipedia.org/wiki/Papercrete (accessed November 30, 2008 
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Grasses 
Strawbale, bamboo, and straw insulated Structural Insulated Panels (SIPS) are defined in this 
section.   
Strawbale   
Straw is an annually renewable material, which is often wasted. Straw-bale 
walls provide excellent thermal insulation, typically around R50…Straw-bale 
construction provides a weatherproof, fire resistant and pest  
free wall with a stucco finish applied. The building process can be quite easy, 
requiring only a low level of technical ability. Straw-bale allows for a great deal 
of flexibility and creativity on the part of the designer and builder.451  
 
Strawbale has been more readily incorporated into building codes as an infill material 
than as a load bearing material. The strawbales can be contained in wire mesh between 
structural members.  Cross bracing can be necessary for lateral forces such as wind and 
earthquake. Strawbale is most appropriate in dry climates.  
Bamboo  
Structural bamboo is used in tropical 
environments and developing countries where the 
material is readily available.  Bamboo is used for 
house framing, wall covering and structures such 
as scaffolding.   
One species of bamboo, bambusa 
stenostachya, or tre gai, harvested in 29 
provinces in Viet Nam, has been ICC-ES 
approved as a structural material by the 
distributor, Bamboo Technologies. The 
report indicates that the International 
Code Conference recognizes the merits of 
the product established by test results 
contained in the report and promotes the 
material as an alternative to those 
prescribed in the International 
Residential Codes (IRC).452  
                                                 
451.  Toolbase Services, “The Home Building Industry’s Technical Information Resource.” 
452.  Toolbase Services, “The Home Building Industry’s Technical Information Resource.” 
 
Workers making bamboo  
scaffolding in Hong Kong 
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According to the Big Island’s Bamboo Village Hawai‘i “…Whispering Winds Nursery 
and bamboo farm on Maui are prepare[d] to begin testing Guadua Angustifolia for 
building code submission.”453  Bamboo is light weight but is subject to rot if it’s exposed 
to water and also burns quickly.454  Joining bamboo is challenging due to the cylindrical 
shape, perhaps lashing precedents such as those used to work with pili grass and sticks 
in traditional Hawaiian construction can be used as examples.   
Straw Structural Insulated Panel Systems (SIPS) 
SIPs are man-made structural wall panels 
comprised of OSB, plywood, or fiber-cement 
board with an insulating material sandwiched 
between the structural panels.  The insulation is 
most often polystyrene, which is not a green 
material.  However, some SIPs are manufactured 
with straw as the insulating material.  These 
panels are heavier and more cumbersome to use 
in construction.  The primary benefits of SIPs are 
considered to be the tight building envelope 
which contributes to energy efficiency as well as 
the ease of construction due to simple joinery. Although there are SIPS vendors 
available to service the Hawai‘i area, they are not based out of the islands.  This 
transportation and embodied energy cost as well as monetary cost would need to be 
factored into consideration of this building material. 
                                                 
453. Leimana Pelton, Bamboo Village Hawai‘i, Email message to author, 20 Aug 2008.  
454. Toolbase Services, “The Home Building Industry’s Technical Information Resource.” 
Figure 4.19 
SIPS connection details.  
 
Image source: author referenced  
Kate Beckley’s sketches Grondzik, 38. 
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Stone 
There is a precedent of stone construction and dry masonry 
work without the use of mortar in Hawai‘i.  Examples of these 
traditional precedents are depicted in the pictured wall sections. 
Masonry construction is common in Hawai‘i, especially for 
commercial projects.  Calcerous limestone from coral, basaltic 
aggregate and cinder are all mined or manufactured/cut in the 
state of Hawai‘i.455  Masonry is a durable low-maintenance 
material.  The embodied energy of the material depends on the 
mining, manufacturing and transportation process.  Masonry 
like earth, provides a structure of thermal mass.   
Wood 
While not considered an alternative building material, there are varying levels of “green” for 
this material.  Much of the wood for construction is shipped to Hawai‘i and therefore contains 
high embodied energy despite appearing economical.  However, there is a Forest Stewardship 
Council (FSC) certified forest on the Big Island owned by Kamehameha Schools.  This source 
                                                 
455.  Masonry Institute of Hawai‘i, www.masonryhawaii.com (accessed August 2, 2008). 
 
 
 
Figure 4.20 
Hakahaka and Kipapa style dry 
masonry walls 
 
 
Image source: author’s drawings 
reference sketches from Cheever, 
David and Scott, 113.   
 
   
Dry masonry work at Mākaha Kaneaki Heiau 
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harvests specialty woods, but as more local resources develop, it would be important to use 
regionally available materials. 
     More sustainable than using new 
materials, is recycling materials which 
would otherwise become part of a 
stagnant waste stream.  Facility 
deconstruction rather than demolition is a 
way to harvest building materials from 
existing structures for re-use.   ReUse 
Hawai‘i is a deconstruction non-profit 
based on the Habitat for Humanity 
material re-use warehouse concept.  They 
have lumber yard near Kewalo Basin 
where they sell primarily lumber, doors, 
and windows after disassembling 
structures and refinishing wood members 
as needed.  
Material Design Strategy Appropriateness for Ka‘ala Farm, Inc. 
     Earth, grass, and stone materials are plentiful, economical, natural, and available on site.  
Stone and earth materials could be appropriate for smaller projects such as retaining walls, path 
definition, plant beds, terraces, walking paths, seating, or earth ovens which would fully benefit 
from the thermal heat retention properties of these materials.  Structurally, it would be expected 
that earth and straw materials would quickly degrade in the rain and humidity of the Hawai‘i 
climate. 
     The best materials currently available for Ka‘ala Farm, Inc. to consider using for building the 
Visitor Center is recycled lumber and bamboo from local sources.  These materials have the 
This screen capture of the ReUse Hawaii materials portion of 
their website shows materials ready for re-use that otherwise 
would have been landfill items 
 
Image source: 
http://www.reusehawaii.org/reuse_hawaii_ 
website/photos/Pages/material_.html#grid 
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properties most appropriate for the local climate conditions and are regionally available, 
lowering their embodied energy.     
 
Chapter Conclusion 
 
     The building and system design strategies considered in this chapter were selected according 
to local availability, economics and the Ka‘ala Farm, Inc. staff desire to choose natural materials 
and strategies.  Living off of the land as much as possible utilizes local resources, reducing 
transportation costs as well as the associated embodied energy in transport and processing.  
Among the strategies addressed, in general, passive strategies and organic building materials 
are the most economical and readily available resources.   
     The following table was created in order to summarize the various strategies addressed.  
Each strategy is given a numeric value for applicability to this project and the appropriateness 
of the design system.  The evaluation is subjective, but logically based on the research presented 
in this chapter.  This table can be used as a reference tool.   
     The building systems are each rated on a scale of 1-5. 
• Quantity: 1 being low quantity – 5 high quantity; meaning availability of the resource 
regionally or having local vendors  
• Quality: 1 being low quality – 5 high quality; referring to quality traits such as 
durability or cleanliness 
• Attainability: 1 being less attainable and 5 very attainable; based on economy of the 
system or material as well as local availability   
• Reusability: 1 being not re-useable at end of lifespan – 5 highly re-useable for same or 
other functions 
These number ratings are coordinated with colors in order to provide a quick visual reference 
with 1-pink, 2-orange, 3-yellow, 4-blue, and 5-green.  
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Building and Systems Design Strategies Evaluation 
Building & Systems Design 
Strategy 
Quantity Quality Attainability Reusability 
ENERGY 
Passive Daylighting 5 4 5 5 
Solar PV Panels 5 4 3 1 
Active Solar Water Heater 5 4 3 1 
Solar Water Heater Bags 4 4 5 2 
Solar Oven 5 4 5 4 
Earth Oven 5 4 4 4 
Passive Wind 4 3 5 5 
Active Wind 3 3 3 1 
WATER 
Rainwater catchment 2 4 4 4 
Rainwater harvest 2 4 5 5 
Pervious paving 3 4 3 3 
Green Roof 3 4 3 1 
Green Compost 4 5 4 5 
Human Waste Compost 5 4 3 4 
Vermicompost 4 5 5 5 
Greywater re-use 3 3 4 5 
SHELTER MATERIALS 
Adobe 5 2 5 5 
Rammed Earth 5 2 5 5 
Cob 5 3 4 5 
Papercrete 2 2 2 4 
Strawbale 2 2 3 5 
Bamboo 5 5 5 5 
Straw SIPs 1 3 2 4 
Stone 5 5 5 5 
Recycled Materials 3 4 4 4 
Table 4.6 
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CHAPTER 5 
PLANNING PROCESS 
 
Design Methodology, Sustainability Assessment, and Design Criteria 
Overview 
     Methodologies are employed for various aspects of the design process from project 
identification, land use determination, building site selection and building design.  
Design stages and processes are often detached across time, communities, and 
professions.  For example, it is likely that the private practice architect designing a 
building may never meet or know the state planner who determined the allowable land 
use functions applied to the building site.  The end users of the space and community 
are often left completely out of the cycle, minus a select few representing the whole, and 
most likely, these are only the members financing the project. While it is arguable that 
this meeting of professions is unnecessary, it disconnects the potential exchange of 
information and feedback on policies and impacts of design decisions.  This disconnect 
becomes most apparent in poor design, which is encountered daily such as shopping 
center jigsaw puzzle parking lots evidence of uncoordinated construction between 
various shop owners or bottle neck traffic and aggravating commutes caused by land 
use separations dividing bedroom communities from business centers.  Design is a 
connected endeavor, where unfortunately, human habitat and transformation of the land 
is often at the expense of the existing ecological structure, which has been shaped by the 
constant hand of natural forces over a humanly incomprehensible timeline.   Design is a 
visible physical manifestation of invisible policies, laws, and economic constructs based 
on social and cultural values.  The built world is an expression of those values and 
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through building materials, infrastructure design, energy choices and other creative works, 
communities describe their relationship with the natural world. If it is agreed that the current 
way of living is unsustainable, then re-thinking the way we live, among other processes, also 
requires re-thinking the way we design.   
     Land use practices indicate social and cultural values. Typical land use practices in the 
United States have been anthropomorphically centered and concentrate on evaluating economic 
benefits where “...ecology has generally been treated as a minor consideration in development 
issues -  to be accommodated as and when economic circumstances permit.”456  Whether land is 
evaluated for crop yield or for the number of housing units that can be constructed and sold by 
developers, land is often evaluated in terms of unsustainable use.  This makes sound planning 
policy all the more important.   
                                                 
456.  Paul H. Selman, Ecology and Planning, An Introductory Study (London: George Godwin Limited, 1981), 1. 
 
Figure 5.1 
Leon Krier’s depiction of urban zoning in comparison to severing the zones of the human body.  The analogy is 
applicable to land use zoning and vividly connects the images of land and body. 
Image source: Krier, 32  
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     Planning methods focused on seeking a narrow benefit from resources are limited in scope, 
focusing on land yield and profitability while negating the importance of factors such as 
biodiversity and invisible factors of values.  In 1976, the World Food and Agricultural 
Organization developed a land use planning method for agricultural lands. The framework for 
land evaluation per FAO guidelines is: 
1. Land suitability is assessed and classified in relation to particular land uses… 
2. Evaluation requires a comparison of the inputs and outputs needed on different types 
of land… 
3. A multidisciplinary approach is required… 
4. The evaluation is made with careful reference to the physical, economic and social 
context of the area under investigation… 
5. Suitability refers to use on a sustained basis… 
6. Different kinds of land use are compared on a simple economic basis…457   
  
Although these guidelines recognize social context and the need for sustaining resources, the 
intent is still yield and economically focused.  “While planners in metropolitan regions deal 
primarily with development and land conversion issues, planners of rural regions focus mainly 
on resource utilization.”458  This segmenting of land use leads to the exploitation of one 
community or ecological system in order to feed another.  More sustainable land evaluation 
would consider the means of transportation employed on/from/to the site, food availability for 
communities within the boundaries of the site, renewable energy resources on the site or 
connected to the site, water availability and modes of re-use, and availability of building 
materials with the least amount of accumulated embodied energy.   
     Chapter 5 describes three land use planning and design methodologies and briefly evaluates 
each method.   
Method 1: Ian McHarg; ecological based planning   
Method 2: John T. Lyle’s; community participation and three stages of learning 
Method 3: Bill Mollison; permaculture design  
 
                                                 
457.  Donald A. Davidson, The Evaluation of Land Resources (Essex: Longman Scientific & Technical, 1980), 79. 
458. Julius G. Fabos, Land Use Planning: from Global to Local Challenge (New York: Dowden and Culver, 1985), 
143. 
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Method 1 focuses on ecological data collection and application.  This is a deviation from 
previous methods of land use planning and design primarily focused on economic benefits.  
Method 2 attempts to incorporate concepts of community participation in order to better 
understand the weight of intangibles such as social values in the planning process through the 
use of Alfred North Whitehead’s three stages of learning concepts.  Method 3 combines both 
ecological and social base design into permaculture design, focusing on the relationships 
between land, people, and processes.  The application of these methods is considered for the 
Ka‘ala Farm, Inc. project, where the permaculture design method is applied as the most 
comprehensive and holistic design view.   
     Finally, sustainability assessment is discussed.  There is little consensus as to the 
development of criteria or methodologies for processes and metrics in sustainable design.  The 
qualitative nature of sustainability is difficult to quantify or comprehend with current models.  
As energy modeling methods improve such as the ability to trace and understand the embodied 
energy of materials or the impact of complicated site surroundings and landscape on a specific 
building, designers can better understand and contribute to the sustainable health of human and 
ecological communities.  
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Methodology 
     The Planning Process 
     The most basic form of land use planning is:  
identification of problems or opportunities or needs; assessment of the environmental, 
social, and economic resources which are needed to solve the problem or satisfy needs; 
the setting of plausible goals and objectives; development of alternative plans; and 
selection of an alternative for implementation.459   
 
Land use, planning, and design methodologies and theories cover a gamut of concepts.  
However,  
…the basic procedural steps of planning are the same in each case (1) collection of 
descriptive and prescriptive information, (2) analysis of this information, (3) reaching 
conclusions (4) making decisions, (5) designation and effectuation of implementing 
actions, and (6) comparison of the results of planning with its intentions…460  
   
The planning process is generally presented as a linear function, with stepped measureable 
progression.  Realistically, the planning process is iterative, consisting of a series of loops with 
potential revision and refinement at each stage.  Management does not mean completion 
because there must be periodic comparison against the initial goals or intent of the plan and the 
dynamic needs of the community.   
                                                 
459.  Fabos, 101.   
460.  Melville Campbell Branch, Planning: Universal Process (New York: Praeger, 1990), viii. 
 
“Basic process steps are: 
1.  Statement of goals 
2.  Analysis 
3.  Development of Alternatives 
4.  Comparative evaluation of alternatives  
by some measure of goal achievement  
5.  Selection of the most effective  
alternative or, if none proves adequate,  
a return to step 2 
6. Implementation 
7. Monitoring” 
 
Figure 5.2 
Rational problem-solving paradigm used in the planning process 
Image source: Lyle, 131 
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     Method 1 
     Ian McHarg presented the planning profession with an 
ecologically based planning methodology grounded in the 
unbiased guiding factor of science in the 1960s.  Rather than 
prescriptive, the methodology serves as a framework which 
can be applied to a range of planning problems on varying 
scales.  The ecology based methodology was also a deviation 
from economy based land use evaluation as exemplified by the 
cost-benefit analysis land use method employed by the Bureau 
of Public Roads and State Highway Departments. The traffic 
engineering land use method evaluated the cost of the project 
design, construction and maintenance and weighed these 
costs as a ratio against savings in time, operating cost, and 
reduction in traffic accidents.   McHarg’s method inserted qualitative measures into the process, 
listing “non-price” benefits, costs, and savings to include such items as maintaining community 
values, historic values, working with the existing topography, and preserving natural resources.  
This process is based on the belief that the “…objective of an improved method should be to 
incorporate resource values, social values and aesthetic values in addition to the normal criteria 
of the physiographic, traffic, and engineering considerations.”461  
                                                 
461. McHarg, 32. 
 
Figure 5.3 
The planning process as an  
iterative looped process. 
 
Image source: author 
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     McHarg’s land use planning methodology begins with the premise “Let us accept the 
proposition that nature is process, that it is interacting, that it responds to laws, representing 
values and opportunities for human use with certain limitations and even prohibitions to certain 
of these.”462  Study of these laws and identifying the natural processes of the site begins a project 
by laying out a set of rules, absolutes or prohibitions.  From this list comes definition of 
allowances and areas of tolerance for development or use.  These factors can then be compared 
with the goals of the project to seek compatibilities and compromises.  
                                                 
462.  McHarg, 7. 
 
Figure 5.4 
Example of land use compatibility matrix 
Image source: McHarg, 144. 
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     The land use methodology relies on mapping data of key resources.  For most case study 
projects, the data applied includes: hydrology, ground water, soils, plant associations, 
physiography, climate, and wildlife.  Intrinsic suitabilities are noted for specific land uses in 
areas rich in certain resources.  For example, light recreational land use would be more 
compatible with the preservation of wildlife and vegetation resources than commercial or 
industrial land use.  The suitabilities or compatibilities are charted in a matrix to help determine 
the degree of compatibility for multiple land uses as shown in Figure 5.x.  An example of data 
considered for McHarg’s Richmond Parkway project include three groups of factors:463 
Group 1: Opportunities and Limitations according to Cost 
• slope 
• bedrock geology 
• soil foundation conditions 
• soil drainage  
• susceptibility to erosion 
Group 2: Danger to Life and Property Concerns 
• Flood plains 
• Hurricane susceptibility 
Group 3: Natural and Social Processes 
• historic values 
• water values 
• forest values 
• wildlife values 
• scenic values 
• recreation values 
• residential values 
• institutional  
• land values 
 
In addition to the matrix, the methodology employs a series of map overlays used to literally 
stack the mapped data in order to objectively identify the common ground and spaces without 
conflict.   
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     Method 1 Evaluation 
 
     Issues with this methodology as recognized by McHarg included “…ensurance of parity of 
factors.”464  Criticism of this method in later years recognizes the importance of relating the 
physical sciences with land use planning while progeny such as Pliny Fisk point out shortfalls in 
addressing complete sustainability issues such as including how people actually live off of the 
land from an economic or subsistence perspective.465  There is still a strict compartmentalization 
of data in this method, like Leon Krier’s Figure 5.1 of the severed body.   
     Another criticism is that the McHarg methodology goal statements are based on the narrow 
viewpoint of limiting intrusion of natural processes.  In practice, there is often agreement on 
goals, but the weight of importance can significantly differ.  For example, a “…development 
company and a preservationist group might agree that providing housing and preserving 
wildlife habitats are both worthy goals, but they are not likely to agree on their relative 
importance.”466   
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     Lastly, the mapping picture is only as good as the quality and quantity of the data.  Whether 
mapping by hand on transparencies or with Geographic Information Systems (GIS), the 
outcome is only as relevant as the input.  If species have yet to be counted and recorded and are 
not available on a database, they are left out 
of the picture even though they might have 
significant applicability to a site.  Each site 
has to be evaluated in terms of local 
knowledge in addition to government 
collected data.  For example, in regards to 
Hawai‘i State data some critical habitat data 
is yet to be collected.467  The metadata layer 
names are unclear for the layperson, 
abbreviating species names beyond 
recognition.  Also since this data does not appear on any resource maps, it is unknown whether 
or not this critical habitat could be found in the Wai‘anae Valley and therefore does not appear 
in the site analysis.  The result is akin to equating unknown or missing data with non-existence, 
which is a poor assumption.  The second issue is that data changes as physical conditions 
change, so it must be constantly updated and re-evaluated.  For example as climate change 
affects sea levels, shore lines and coastal assets and habitats change.  As development encroaches 
on habitats, species migrate in order to prolong survival.  Such was the case with the po‘ouli 
bird on Maui which was forced to migrate in elevation to feed on native tree snails, exposing it 
to disease and vectors not present in the elevations of its native habitat.  It is now extinct due to 
this forced migration.  GIS or mapping data is a static snapshot.  Data would have to track real 
time events in order to show rapid changes in ecology and offer a truly accurate picture.   
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The Hawaiian po‘ouli became extinct in 2004 from  
habitat destruction 
 
Image source:  
http://www.msnbc.msn.com/id/6630652/ 
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     There is a measure of complication to this method which depends on data collection, 
coordination, and access to technology to view and use the data.  This can further limit 
community participation by requiring the planner to serve as interpreter.  The values of the 
planner are injected into the process, who must make value judgments in deciding which data to 
filter and select.  While this is true in all planning processes to some extent, other 
methodologies attempt to incorporate community participation and social and cultural values 
into the process. 
     Method 2 
     John Lyle builds on McHarg’s ecologically based land use planning methodology and 
incorporates social factors into the process in order to better attribute weight to community 
values and concerns.  This land use planning methodology is based on Alfred North 
Whitehead’s three stages of learning: Romance, Precision, and Generalization.  These three 
stages of learning are translated into planning stages:468 
1.  Romance = Inception 
2.  Precision = Information and Models 
3.  Generalization = Possibilities, Predictions and Plan 
 
The Inception stage includes identifying not only cursory ecological data but also the project 
context and purpose:469 
1. “What” - The subject of the design  
Determining a balance of land use issues including: 
• Nature Preservation 
• Resource Conservation 
• Protection from Hazards 
• Competing Uses 
• Intensity of Use 
• Public vs. Private 
• Concentration or Dispersal 
• Visual Change 
• Cultural Preservation 
2. “Why” - The ethical position 
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“Why are we, the designers, involved?  What is our ethical position?  Are we, as 
so many profess to believe nowadays, simply the processors of information and 
other people’s values, or do our own convictions play a basic role in shaping the 
plan?”470 
3. “Who” - Identification of the participants 
• The design group 
• Roles with respect to information 
• Public participation 
4. “How” - Defining the methodology  
 
Outlining responses to these fundamental question serves to help identify the community and 
possible needs as well as define the position and role of the planner in relation to the project and 
community. 
      Information and Models, the second stage, requires an understanding of the existing 
landscape, similar to McHarg’s methodology.  In addition to the inventory of data, there is 
inclusion of an immaterial presence as well.  This means including diverse perceptions of  
“…various ways in which people view a landscape…as: Nature, Wealth, Habitat, Ideology, 
System, History, Artifact, Place, Problem, and Aesthetic.”471  Understanding these perceptions 
can be achieved through public involvement using methods such as public meetings, 
communicating information through media outlets, mailings, polls and personal interviews.  
Understanding and using this information is achieved through modeling.  Modeling follows 
three categories as defined by Ira Lowry: descriptive, predictive, and planning models.472  The 
final stage, Possibilities, Predictions and Plan, attempts to evaluate all of the objective 
information and models within the social and cultural context, adding the second dimension to 
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the plan.  Finally, in order to have a plan which can be successfully implemented, this theory 
incorporates the need for the plan to have movement, imagibility, and manageability.473 
     Method 2 Evaluation 
     Approaching planning from the basis of a learning model, indicates the importance of 
approaching a design problem with a heightened awareness of the needs of the community and 
begins in a state of observation.  This contrasts prescriptive template planning and design.  
While the incorporation of community participation is a critical factor in this methodology, 
there are challenges caused by the complexity of analysis and application.  The process of 
analyzing the collected information for creation and execution of a plan is not entirely clear.   
How does the planning method incorporate ecology with the way in which people are living?  
How exactly are social values incorporated other than in the realm of identification, and do they 
need to be incorporated in terms other than acknowledgement?  Perhaps this is where the 
iterative process and continual feedback loop of dialogue with the community can ensure the 
plan achieves the community intentions and goals.     
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     Method 3 
     The methodology of permaculture is presented as a design method rather than a planning 
method per se, but it is especially applicable to land use considerations and decisions.     
Permaculture design is a system of assembling conceptual, material, and 
strategic components in a pattern which functions to benefit life in all its forms.  
It seeks to provide a sustainable and secure place for living things on this 
earth…Permaculture as a design system, attempts to integrate fabricated, 
natural, spatial, temporal, social, and ethical parts (components) to achieve a 
whole.  To do so, it concentrates not on the components themselves, but on the 
relationships between them, and on how they function to assist each other.  For 
example, we can arrange any set of parts and design system which may be self-
destructive or which needs energy support.  But by using the same parts in a 
different way, we can equally well create a harmonious system which nourishes 
life.474   
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Figure 5.5 
Elements of permaculture design 
Image source: Mollison, 37. 
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Although referred to as a methodology, the process of permaculture design focuses on using a 
set of techniques and strategies as needed rather than offering a step by step process or 
prescribed consecutive stages.  The primary components of the permaculture design 
methodology are:475 
• Analysis: Design by listing characteristics of components 
• Observation: Design by expanding on direct observations of the site 
• Deduction from nature: Design by adopting lessons learned from nature 
• Options and decisions: Design as a selection of options or pathways based on 
decisions 
• Data Overlay: Design by map overlays 
• Random Assembly: Design by assessing the results of random assemblies 
• Flow diagrams: Design for workplaces 
• Zone and sector analysis: Design by the application of a master pattern 
 
These design methodologies can be considered as a group or independently.  Techniques for 
implementation of these concepts are offered in “Permaculture a Designer’s Manual.”  For 
example, analysis techniques include:  identify the components of the place, list the material and 
energy needs of the elements (input/output), arrange the components into a beneficial 
assembly.476  Shortfalls are recognized in some of the methods, making it necessary to use 
multiple tools, rather than a single approach.  The map overlay method is recognized for its 
benefits but is also criticized “Like the system of options, it leads to certain inevitable ground 
placements, and perhaps to uneasy compromises not necessarily inherent in the preceding 
methods.  The danger here is that the map overlays minutiae, and can never reveal evolutionary 
processes.”477  Although the mapping system provides useful data, it leaves out the intangibles, 
making the input from the human component, the designer and community, so important to the 
process.  “The danger of the purely analytical and overlay approaches is that the very 
remoteness of such systems makes flexibility difficult…”478 
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     The chicken and egg illustration from Mollison’s “Permaculture: A Designer’s Manual” 
contrasts the process used for egg production in the dominant industrialized culture of our day.  
The diagram depicts the amount of embodied energy required to fuel this process, while local 
production in a system which is much more ecologically, organically, and biologically focused 
than industrial focused can produce the same egg with significantly lower embodied energy.  
The permaculture approach attempts to incorporate rather isolate processes and allow 
biological systems to function with more autonomy.    
 
 
  
Figure 5.6 
Conventional egg production compared to permaculture egg production 
 
Image source: Mollison, 25-26. 
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     Method 3 Evaluation 
      Permaculture design methods can be combined with the land use planning methods to form 
a comprehensive planning and design approach.  The focus on relationships helps to de-
compartmentalize information and focuses on the connections and interactions of systems.     
The permaculture design method incorporates a variety of design techniques, including 
McHarg’s mapping method, but does not rely exclusively on one approach.    The design 
process requires community participation, similar to the Three Stages of Learning based 
planning process.  Ultimately the process focuses on community empowerment to make 
autonomous design decisions for their own health, needs, and purposes.   
     Ka‘ala Farm, Inc. Project Design Methodology  
     Relationship based design focusing on the community and natural resources aligns with the 
principles of sustainability which requires mutually beneficial relationships between people and 
the land as well as the intangibles of the human community.  The permaculture design 
methodology is employed by the Kibbutz Lotan in the case studies of Chapter 3.  This example 
of an ecovillage is also a learning center for permaculture strategies.  Hoa ‘Aina O Makaha 
focuses on the connections and relationships between people, land, trees, and water, promoting 
the need for stewardship.  Again, focusing on the connections of relationships and whole 
processes yields healthy systems.  The director of Ka‘ala Farm, Inc. is aware of both of these 
precedents as well as Bill Mollison’s writings.  Ka‘ala Farms is intentionally striving to emulate 
the principles of permaculture in their development.     
     The methodology used in the Ka‘ala Farms Visitor Center design project considers each of 
the tenants in the permaculture design methodology: 
1.  “Observation: Design by expanding on direct observations of the site”479 
     The permaculture method argues that fixed data is inadequate and that natural phenomena 
are best understood by on-site observation.  For example, rainwater run-off patterns are best 
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understood by visiting the site in a rain storm.  The tools of observation are listed as 
photography, video and site notes. Instrumental, thematic, or experiential approaches are 
recommended. 
     Site notes and photography are critical in the Ka`ala Farm, Inc. project, filling in data gaps 
that describe the terrain and local conditions.  Ditches, tree placement, views and nuances of 
terrain are invisible on 5’ mapping contours and available satellite photograph resolution.  On-
site observation of wind patterns supplements generalized island-wide wind data which may not 
account for local topography and valley temperature conditions and how they affect wind flow 
throughout the day.  The experience of the site is recorded in a series of photographs mapping 
the visitor’s approach.  The importance of this experience and maintenance of these views was 
directly recognized and expressed by the members of Ka‘ala Farm in their request to maintain 
the natural view corridors.     
2.  “Deduction from nature: Design by adopting lessons learned from Nature”480 
     Permaculture design recognizes the importance of imitation of nature both in structure and 
process.  This can also be referred to as the term “biomimicry.”481  The permaculture design 
manual references the story of Masanobu Fukuoka, a Japanese farmer, who observed a volunteer 
rice plant growing vigorously in a ditch.  He observed the patterns of nature and components of 
the surrounding site and spent the next thirty years replicating this process of crop growth in 
an organic and natural way, reducing conventional water requirements, labor input, and 
fertilizer application.482 
     The members of Ka‘ala Farm, Inc., already employ this method of learning from the land.  
Their farming methods and observation of plant behaviors and growth guide planting, 
harvesting, and irrigation decisions.  Dialogue with staff who work in the field on the site is 
critical to understanding the ecological patterns of the area.  Observation of nature is essential 
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in passive energy design, dictating the selection of building materials, and informing patterns of 
building placement, building form, and building and site design.       
3.  “Options and decisions: Design as a selection of options or pathways based on decisions”483 
     Permaculture design methodology identifies design as only a start of a process or plan that 
changes and evolves according to intentions over time.  It is possible to chart these pathways in 
the form of a decision tree or flowchart.  Mapping previous decisions may illuminate patterns 
while providing a decision flow chart may help inform future choices.  This demonstrates how 
planning and design are an iterative process requiring continual consideration of goals and how 
circumstances are in flux.  For the case of this project, there is limited time.  It is up to Ka‘ala 
Farm, Inc. to continue planning and adjusting strategies.  This constant engagement is possible 
simply by continuing to have a dialogue with community members and organizations.  Mapping 
past design decisions and strategies – mapping the history of the site – would assist in 
understanding the patterns of development.  
4.  “Data Overlay: Design by map overlays”484 
     This methodology is criticized as time consuming and exclusive of the evolutionary process, 
but it provides useful data nonetheless when considered in conjunction with other design and 
planning tools.  Data from the Hawai‘i Statewide GIS database is used in this project to map the 
surrounding site context of the Wai‘anae Valley and ahupua‘a as well as to conduct an initial site 
selection for the Ka‘ala Farm, Inc. site (see Appendix A for metadata).  The limitations of the 
data are noted in the Method 1 evaluation chapter.  The initial data gives fundamental 
information about the regional hydrology, soil, geography, vegetation, surrounding land use, 
wildlife, and topography.  This data is supplemented with the other design methods mentioned 
such as observation at the actual site and dialogue with the Ka‘ala farms staff who live the land 
on a daily basis.   
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5.  “Random Assembly: Design by assessing the results of random assemblies”485 
     The intent of this technique is to help creatively assess energy flows beginning with the list 
of components and assembly choices.  The method is demonstrated as a series of lists 
connecting site components such as windmill, animal shelter, plants, compost heaps, and plants 
to each other with place based words such as “on”, “in”, “under” and “attached to”.  The result is 
a list of relationships between elements which can then be rearranged, surfacing relationships 
which may not have been previously considered. 
     This technique is likely part of the design process mentally implemented by most designers 
in making siting decisions through a process of elimination.  The listing method is not directly 
used in the Ka‘ala Farm, Inc. project, although the concept is applied in the creation of the 
spatial bubble diagrams which are used to analyze the relationships between function on the 
site.  Although not depicted in the figures, various configurations and options are considered 
during the design process, shuffled into various arrangements on AutoCAD during the 
preliminary design phase.     
6.  “Flow diagrams: Design for workplaces”486 
     Flow diagrams are described as depicting the relationships between various work functions.  
This is done in the Ka‘ala Farms project with the use of spatial analysis bubble diagrams.  The 
diagrams outline basic functions and indicate the connections between other functions.  The 
diagrams are then translated into spaces and again connected according to the functional flows 
as well as spatial requirements of building form.  These are further explained and shown in 
Chapter 6.   
7.  “Zone and sector analysis: Design by the application of a master pattern”487 
     “Zone and sector analysis is a primary energy conserving placement pattern for the whole 
site.”488  Co-centric zones are applied to the site with most intensive functions in the center 
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with additional zones radiating outward to areas that need less tending like a ripple in a pond.  
This maps the energy flow of the site from most to least intensive. 
     This methodology is restrictive if applied rigorously.  The Ka‘ala farms site must be 
considered within the context of what is already existing.  The cocentric zone application, 
technique strictly focuses on energy, rather than other conditions such as cultural assets in the 
area which may dictate planning and design decisions.  The idea of energy flow however, is 
considered in the Ka‘ala Farm, Inc. design by indentifying input and output products in the 
functional bubble diagram.  The Ka‘ala Farm, Inc. operation is divided into zones but according 
to primary functions and public and private areas rather than solely energy use factors.  Again, 
this technique is one of several to be considered as one part of a larger site analysis and design 
approach.     
     The permaculture design approach is applicable to the immediate Ka‘ala Farms project as 
well as to the Wai‘anae community.  By applying sustainable design strategies at the Cultural 
Learning Center, Ka‘ala Farm, Inc. serves as a living school for the community.  The small 
scale, low cost strategies pursued with local resources and materials can be applied on a 
residential backyard, small business, or community neighborhood scale.  Ka‘ala Farm’s Eric 
Enos is aware of Mollison’s permaculture principles and is implementing them in the 
agricultural area. 
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Sustainability Assessment 
     Assessing the effectiveness of sustainable design and development is challenging because of 
the intangible nature of some qualitative features such as values.  Also, factors of sustainability 
are integrated and overlap rather than exist separately.  “Sustainability requires a more 
integrated view of the world – it requires multidimensional indicators that show the links 
among a community’s economy, environment, and society.”489   Complicated matrices, models, 
and formulas have been devised, attempting to find calculated answers to sustainability 
questions.  It is necessary to find a strategy effective at the community level, on which does not 
require the interpretation of an economist, social theorist, or natural scientist.   
     Sustainability indicators need to be relevant, understandable, reliable, and timely.490  Like 
land use planning and design, community participation in establishment of sustainability 
indicators contributes to meeting the needs of the community and selecting appropriate factors.  
Indicators may not necessarily have an associated metric.  “The measurability of indicators is 
actually a continuum, from indicators which can’t be measured at all, to those which would be 
measurable if the organization had more resources, through to indicators where the process of 
measurement itself has sustainability benefits.“491 
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Traditional indicators compared to sustainability indicators  
Table 5.1 
 
Table source: Hart, 9 -10. 
 
     
Traditional Indicators Sustainability Indicators Emphasis of Sustainability 
Indicators 
Economic Indicators 
• Median Income 
• Per Capita Income 
• Number of Hours of paid 
employment at the average wage 
required to support basic needs 
• What wage can buy 
• Defines basic needs in terms of 
sustainable consumption 
• Unemployment rate 
• Number of companies 
• Number of jobs 
• Diversity and vitality of local 
job base 
• Number and variability in size 
of companies 
• Number and variability of 
industry types 
• Variability of skill levels 
required for jobs 
• Resilience of the job market 
• Ability of the job market to be 
flexible in times of economic 
change 
• Size of the economy as 
measured by GNP and GDP 
• Wages paid in the local 
economy that are spent in the 
local economy 
• Dollars spent in the local 
economy which pay for local 
labor and local natural resources 
• Percent of local economy based 
on renewable local resources 
• Local financial resilience 
Environmental Indicators 
• Ambient levels of pollution in 
air and water 
• Use and generation of toxic 
materials (both in production 
and by end user) 
• Vehicle miles traveled 
• Measuring activities causing 
pollution 
• Tons of solid waste generated • Percent products produced 
which are durable, repairable, or 
readily recyclable or 
compostable 
• Conservation and cyclical use of 
materials 
• Cost of fuel • Total energy used from all 
sources 
• Ratio of renewable energy used 
at renewable rate compared to 
nonrenewable energy 
• Use of resources at sustainable 
rate 
Social Indicators 
• SAT and other standardized test 
scores 
• Number of students trained for 
jobs that are available in the 
local economy 
• Number of students who go to 
college and come back to the 
community 
• Matching job skills and training 
to needs of the local economy 
• Number of registered voters • Number of voters who vote in 
elections 
• Number of voters who attend 
town meetings 
• Participation in democratic 
process 
• Ability to participate in the 
democratic process 
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     Sustainability indicators in relation to resources are more often quantifiable and measureable.  
For example, the sustainability of a water source can be measured according to water supply in 
relation to water use as well as the water quality in terms of health.   Sustainability can be 
measured according to resource use in terms of an ecological or carbon footprint.  The 
ecological footprint concept is the “measure of the physical space that a person uses to stand on 
the earth” in terms of resource consumption and energy use.492  This is a quantifiable figure, 
although truly quantifying the embodied energy in all materials and resources is yet to be 
accurately modeled on a large scale.   
     Energy modeling is becoming more accurate and accessible to the layperson.  The Whole 
Building Design Guide (WBDG) website lists more than a dozen building energy modeling 
software programs.  Existing energy software programs focus on analyzing the building 
envelope and building systems, but the site is more difficult to account for.  For example, the 
position of site trees and fullness of foliage could significantly impact the daylight and heat 
infiltration on a roof.  Modeling how a tree impacts energy consumption throughout the course 
of the year is not yet included in modeling programs which focus on more generic data.  
Measuring the sustainability of alternative building materials such as earth, strawbale, or 
bamboo is not an option in most modeling programs.  The embodied energy of all materials is 
often left out of the equation, such as the amount of fuel and energy required to ship products to 
a building site are only generically referenced.      
     Energy metrics are one component of sustainability.  The building industry has adapted and 
is implementing the widespread application of metrics through the use of Leadership in Energy 
and Environmental Design (LEED) criteria overseen by the U.S. Green Building Council.  The 
program focuses on the categories of site selection, water efficiency, energy, materials and 
resources, indoor environmental quality, and innovation and design process.  Each category is 
quantified with a weight according to the rigor of the design in meeting or exceeding design 
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benchmark standards.  The importance of each standard is predetermined and is the same for all 
projects in all communities.  The program is becoming a mainstream building industry 
standard, trumping other rating systems such as the Sustainable Project Rating Tool (SPiRiT) 
and Green Globes.  LEED programs are being expanded to include categories such as LEED 
for Neighborhood Development.  LEED has yet to be applicable for all building types.  For 
example, Labs 21, is a set of metrics criteria applicable for laboratory buildings which have 
unique requirements such as high air exchange which is not considered in LEED.   LEED 
focuses on applicability to mainstream building practices. LEED is a useful checklist for energy 
efficiency but it does not consider evaluation of the more complex relationships of a community 
and the ecology.  The relationships and connections essential to sustainability are not evident in 
energy modeling or metrics, or indicators alone.   
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Ka‘ala Farm, Inc. Design Criteria  
     The design criteria for Ka‘ala Farm, Inc. is based on principles developed from multiple 
meetings with the Ka‘ala Farms staff, evaluation of the site physical properties, and evaluation of 
the land use designations as well as potential. The design principles are guides and inform the 
understanding of the character of the spaces.  As the McHarg methodology suggests, these 
criteria are essentially a list of “do’s and dont’s.”  The basic criteria may appear deceptively 
simple, but staying true to these guiding principles can become complex.   
 
Building Siting:  
• Cultural preservation - Development will only be in areas where cultural assets are not 
present or are not recoverable for preservation 
• Lowest possible impact on the land – preserve land suitable for agriculture, evaluate soil and 
slopes to prevent erosion 
• Passive design – building should be sited according to optimal use of natural resources such 
as wind for natural ventilation and sun for daylighting 
 
Building Design: 
• Use natural benign building materials and regional materials where possible – reduces 
carbon footprint and embodied energy 
• Lowest possible impact on the land - small building footprint 
• Low visual impact – prevent visual competition with the hale or other cultural and natural 
assets of significance 
• Passive Design – use natural renewable resources.  The building should not depend on 
highly technical mechanical systems for lighting, heating and cooling. This makes use of 
natural resources, makes the building more attainable economically, and eases long term 
maintenance    
• Energy sources should be natural, renewable and available 
• Property will be considered as off-grid for water, waste water, and energy.  Input and 
output of systems will be considered in order to create a closed loop system with minimal 
waste 
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• Spatial configurations should allow optimal flexibility – allowing multi-use and reducing the 
footprint of the building 
• Include standard building requirements such as building code compliance and compliance 
with the American Disabilities Act  
 
     Evaluating whether or not these design criteria are met can begin with returning to 
reviewing the guiding principles and forming each one into a question with a yes/no response.  
For example, the first bullet point can be phrased as: Is the building sited in accordance with 
cultural preservation?  Is development only in areas where cultural assets are not present or are 
not recoverable for preservation?  Some answers will be more apparent than others.  Tools such 
as energy modeling can be implemented to evaluate gray areas.  Energy monitoring on site after 
construction can provide hard data to compare with modeling and determine trouble areas.  
Temperature, wind flow, power input and output are quantifiable and can be tracked.  Cost is 
also quantifiable and can be tracked to show initial construction costs and ongoing operations 
and maintenance costs.  It is important to emphasize the use of a range of assessment tools, for 
example, monetary cost alone does not begin to reveal the overall embodied energy cost to the 
global system, planetary and ecological impacts.  Interviewing the facility users should be 
considered a valid indicator of design function.  Currently, assessment methods primarily rely 
on empirical data.  However, this is only a portion of the overall picture of effectiveness.  For 
example, a post construction commissioning walk through of a passive energy building 
concluded that the building systems worked as designed and that the occupants should be 
comfortable.  This was stated by the designer, as beads of sweat formed on his forehead, in 
response to the facility user who was explaining that the building was too hot.  Actual 
habitation of a space brings to light the design needs and adjustments can be made as an 
ongoing process.  Site conditions can also change such as temperature which can be affected by 
the shading properties of landscaping or construction of new adjacent structures.        
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Chapter Conclusion     
     The planning process is cyclical and iterative.  Planning methodologies range from simple 
cost/benefit analysis to more complex natural resource and social data mapping.  The 
methodologies offered by McHarg, Lyle, and Mollison come together in Mollison’s 
comprehensive permaculture design which considers natural as well as social resources and 
functions through community participation. This approach is appropriate for the Ka‘ala Farm, 
Inc. project and for the greater Wai‘anae community.   
     Defining sustainability assessment and evaluation methods is part of the very stumbling 
block to sustainability – it requires categorization and compartmentalization of complete 
systems which are intrinsically intertwined – often even beyond our complete understanding.  
However, to make up for our inadequacies in having a comprehensive understanding of the role 
of all things in nature, and having a more universal language, categorization is a starting point 
and inherent in human understanding of all systems. 
     Dissecting the components of sustainability and creating an all encompassing matrix or 
software program would not account for the dynamic human element of sustainability.  
Through community relationships and dialogue, the success of a project or development can be 
evaluated.  Attempting to apply the wide range of planning methodologies, modeling programs, 
and metrics could become unwieldy.  Determining sustainability perhaps rests on only a few 
seemingly simple questions such as: 
- Is the community healthy? (physically, mentally, economically, socially etc...) 
- Is the ecology healthy? (native species thriving, is habitat available…) 
- Are used resources being returned or renewed for future generations? 
     There are multiple options for metrics charts, surveys, data compilation, GIS, BIMS, energy 
modeling, and design criteria.  However, the human element is required in order to synthesize 
information from a variety of tools and understand the parameters and limitations of the tools.  
This requires education as well as professional practice and experience to understand the 
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application of information and how to incorporate it into design.   All of the data must be 
considered within the context of the human community, including social and cultural values. 
     Defining the design criteria offers a first step in planning as well as evaluation.  Articulating 
key design criteria for a project in writing facilitates community feedback in response to the 
planned approach and assumption of values.  The criteria provide design guidance, serving as a 
touchstone for periodic reference.  During the planning and design process as well as 
construction phases, the criteria also give the basis for evaluation and assessment.  Comparison 
of actual design work to the design intentions show progress of the project and how concepts 
relate to the objective.         
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CHAPTER 6 
 
DEVELOPMENT PLANS, PROGRAMS, AND DESIGN 
 
Site Development 
Planning Process 
     The basic elements of the design process for this 
project include: site inventory, facility programming, 
site analysis, site concept design, and facility concept 
design.   
     The planning process began with gathering 
information on the existing educational and cultural 
programs at Ka‘ala Farm, Inc., taking inventory of the 
existing facilities at the mauka and makai site, visiting 
ohana partner sites (such as Hoa ‘Āina O Mākaha), 
and beginning interviews regarding the history of the 
organization.  In the midst of interviewing Ka‘ala 
Farms founding members and researching case 
studies, an initial meeting was held with the Ka‘ala 
Farm, Inc. staff and served as the key factor in 
creating the program for future facilities.  This preliminary meeting was conducted keeping in 
mind the context of Ka‘ala Farms’ stated organizational plans which are categorized as: 
• Educational Partnerships – working with local community schools where a majority of 
students are Native Hawaiian population living in Homestead Communities 
• Watershed protection for cultural practices and food security 
• Family Food Centers and Marketplaces 493 
 
                                                 
493.  Eric Enos and Kilikina Mahi, “Renewal of License Agreement No 475, Ka‘ala Farm, Inc., TMK No. (1) 8-5-
05:36 Wai‘anae, O‘ahu,” 2.  
 
 
 
View of the hale and lo‘i fields from the  
mauka direction. 
  Image source: author 
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These goals and strategies inform the primary programmatic features for developing the Ka‘ala 
Farm, Inc. site.  Understanding how the staff actually defines these goals and envisions the 
future of Ka‘ala Farms was enhanced through conversation with the Ka‘ala staff per the initial 
project meeting.494  The future of the Cultural Learning Center was described by each member.  
Some of these descriptions and brainstorming comments are expressed in the following phrases.  
Comments were later categorized into three general topics in order to better understand 
patterns and design implications.  The comments are categorized as relating to facility use, 
facility requirements, and character of place: 
  
Facility Use 
• Visitors attend for weekend/week at a time 
• Need an economic look at the farm 
• Determine who are the farmers 
• Site to serve as a learning center  
• Empower kids 
• Sell dryland kalo kit, manual, tiller, compost 
• Children from schools brings in parents, learn about kalo especially those in townhouses 
and  apartments or those without resources to start plants 
• Place for MA‘O youth to farm as they grow 
• Have a complete village with the forest, backyard kalo, livestock, smoked meat, kapa 
• Market 
• Provide guidance and opportunity to community members 
• Knowledge of food preservation – sun dried tomatoes, canning, dry fish 
• Determine who is the target audience 
• Local foods, local ingredients for schools 
• Smaller land plots that families can take care of 
• Open to all visitors, but not necessarily for tourists 
 
Facility requirements 
• Sunshade structure on the upper mauka property 
• Want office space mauka 
• Multi-purpose 
• Open up more lo‘i 
 
Facility design 
• Use Repuns’ self-sustaining farm as precedent  
• Re-create ahupua‘a 
                                                 
494.  Ka‘ala Farm, Inc., Staff meeting, at Ka‘ala Farms mauka site, Wai‘anae, Hawai‘i, April 18, 2008.   
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• Lavender farm on Maui as example 
• Small shelter with shower/changing area on the upper mauka property 
• Livestock –chickens (eggs), goats (cheese) 
• Burning of animal dung for fuel as part of life cycle 
• ADA compliance 
• Enclose from mosquitoes 
• Animals take care of vegetation  
• Manure as fertilizer and building material 
• Importance of mauka/makai relationship 
 
Character of the place 
• Sustaining life 
• Local; Hawaiian style 
• Place for everybody 
• Treat everyone the same, talk to all people 
• Sustainability as a lifestyle 
• Multiple voices 
• People 
• Determine where volunteers come from; Local community often burdened with many 
struggles 
• Social programs are dependence, need self-generating wealth 
 
This conversation was a critical introduction to concerns and future visions for Ka‘ala Farms 
and the character of the place.  This enabled a drafting of the initial facility program.  Using the 
methodologies described in Chapter 5, while the site facilities and related program functions 
were being determined, additional GIS data regarding site land use, contours, rainfall data, 
climate information, and property data continued to be gathered as site inventory information 
required for early concept design.  Several visits to the mauka site, multiple conversations with 
various staff members, multiple days of photography and measuring on site, as well as 
participating in the weekend volunteer program for Ka‘ala Farms all served to form a better 
understanding of the site and its function as well as the purpose and the role of Ka‘ala Farms in 
the community.  This information, its synthesis and application to the preliminary concept 
design is further described in this chapter.         
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Design Program 
     The preliminary iteration of the site development program incorporates the future looking 
concepts expressed by the Ka‘ala Farm, Inc. staff.  While explaining the existing and desired 
future functions of the property, Ka‘ala Farm, Inc. director Eric Enos sketched the initial site 
map of with the property divided into six distinct zones.495  The zones are numbered on Figure 
6.2 in geographic order of the ahupua‘a from mauka to makai.   
     Table 6.a summarizes the zones and related functions.  Zones 1,2,3 and 5 are part of the 
DHHL property while Zone 4 is the Ka‘ala Farm, Inc. property and Zone 6 is the makai 
property subleased from DLNR.  The property boundaries and further details of designated land 
use and classifications are described in Chapter 2.  Zone 1 is the furthest mauka site, bordering 
conservation land, hunting access area, and possible areas of cultural significance.  This zone is 
designated within the Ka‘ala Farm, Inc. plan to remain undeveloped with facilities in order to 
protect the area as a biodiversity resource and potential restoration area.  Gathering of 
resources in this area should be managed in order to prevent over harvesting.  Zone 2 is one of 
the main Ka‘ala Farm, Inc. Cultural Learning Center operating area.  This zone is referred to as 
the “pre-contact” area which has the hale, lo‘i, and imu.  Use of the area is in the vein of 
restoration rather than preservation.  The reclaimed use of the land and water respects 
traditional practices.  Lo‘i terraces follow the contours and footprint of past terracing.  The 
quantity of terrace use is currently limited by the ability for Ka‘ala Farm, Inc. to manage the 
regular maintenance of the terraces by one person on a regular basis, with labor supplemented 
at intervals with additional staff or site visitors.  Zone 3 is the focus of this project as the main 
development area with potential for support facilities for visitors.  Cultural assets in this area 
are considered unrecoverable or unknown as this portion was bulldozed for the construction of 
the caretaker house, pasture, and crop planting.  Although this zone includes the mountainous 
                                                 
495.  Ka‘ala Farm, Inc., Staff meeting, at Ka‘ala Farms mauka site, Wai‘anae, Hawai‘i, April 18, 2008.   
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area of the valley wall, with the property line extending to the top of the adjacent ridge, the 
steep valley wall portion is colored in white in Figure 6.2 because the significant slope makes 
this portion inappropriate for facility siting or visitor use apart from possible hiking or climbing.  
Zone 4 is the privately owned Ka‘ala Farm, Inc. property which includes the access road to the 
Cultural Learning Center on the DHHL property.  Zone 4 has been designated primarily for the 
dryland native forest restoration project and is separated from the DHHL property by the 
Honua Stream.  Short-term development in this area could include a cattle-type gate across the 
access road from Wai‘anae Valley Road with a parking area designated near the gate.  This 
would improve security while also protecting stream water quality since current parking is close 
to the stream bank.  A sunshade pavilion structure could be considered for this site in the short-
term and long-term use could even re-consider a more substantial Visitor Center site close to 
the road.  Zone 5 is an undeveloped portion of the DHHL property designated as Camp Ka‘ala 
and is primarily used for Boy Scout camping or hiking.  Zone 6 is the makai office area and is a 
significant asset for the backyard aquaculture project, canoe storage, plant nursery and 
workshop.  The area was not considered in this project for development other than relocating 
some of the office and nursery functions to the mauka site in the long-term.  
     Through preliminary identification of the current and desired future property functions, only 
two zones were identified as appropriate sites for development of a Visitor Center.  These two 
potential Visitor Center zones include the 7 acre Ka‘ala Farms Property (Zone 4) and the 
previously bulldozed upper area portion of the 97.5 acre DHHL site (Zone 3).  After the initial 
concept design was reviewed with the Ka‘ala Farm, Inc. staff, it was determined that only the 
upper area of the DHHL site would be considered for development.  This would allow the 7 acre 
Ka‘ala Farm, Inc. site to remain in conservation with development of the native dryland forest 
restoration project.  A desire was expressed to maintain the “wild” nature of the 7 acre property 
as part of the arrival sequence for visitors and to maintain this as the starting point of the 
cultural learning center experience where students and visitors disembark from their bus or 
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vehicles (see Figure 6.3 Approach Sequence).  During this phase of planning, an extension of the 
Ka‘ala Farms lease for the property under DHHL for a 20 year term was granted.  This 
suddenly enabled Ka‘ala Farms to consider a presence for the Cultural Learning Center on the 
DHHL land with longer term considerations.  Ka‘ala Farms staff also expressed concerns over 
security in the area.  Locating facilities within visual, audio, and walking distance from the 
caretaker’s house and frequently occupied areas of the property was a prime consideration.       
     The upper DHHL property being used for Cultural Learning Center functions is divided into 
two adjacent zones, Zones 2 and 3.  The only physical boundary dividing these areas is the main 
walking path bringing the pedestrian visitor to the base of the hale. Zone 2 is the western area 
of this property, containing the lo‘i terraces and hale, and is considered the most intact with the 
cultural past (and present).  The kalo farming activities there very much resemble those 
described in depictions of native Hawaiian traditional practices.  The land is actively being 
farmed and used to serve as a place of hands-on education.  The adjacent neighboring portion of 
the upper DHHL property is demarcated as Zone 3.  This zone was determined as most 
appropriate for the most intense use or development for facilities.  As previously described, this 
is the portion which had been bulldozed.  The area of Zone 3 considered for design in this 
project is approximately 5 acres of land.                  
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Summary of Ka‘ala Farms property Zones 
Zone Location Improvements New Function 
Zone 1 
 
the upper mauka 
portion of the DHHL 
97.5 acre site 
Conserve this wooded 
area 
Continue conservation 
Zone 2  
 
western portion of 
the DHHL 97.5 acre 
site 
Continue additional lo‘i 
terrace restoration 
Goal of 20% increase cultivation by 2010 
Welcome/Visitor’s Center 
Traditional Demonstration Village 
Land Livestock 
- Fences 
- Chickens  
- Goats 
- Animal shelters 
- Grazing paddock behind 
compost area 
Garden plots 
- Edible wind break 
Access road 
Sunshade Work 
Area Structure 
Kitchen 
Staging area 
Work space 
Gathering Space 
Earth ovens 
Country store 
Greenhouse 
Educational 
Support 
Facilities 
Compost urinal 
Changing room/locker room 
Roof over 2 Conex Box 
containers as workspace 
New caretaker 
house 
 
Staff facility 
 
Changing Room 
Shower 
Screen in garage area to extend 
living area 
Kitchen 
Dining area 
Sink 
Truck access 
Zone 3  
 
 
eastern portion of the 
DHHL 97.5 acre site 
Convert existing 
caretaker house site into 
giftshop 
 
Fruitscaping 
Cabins Site - follow remnant of curved 
road by kitchen to northeast 
Zone 4 
 
the mauka 7.5 acre 
site 
Continue restoration of 
native dryland forest 
Sunshade pavilion, security gate, relocate parking 
closer to Wai‘anae Valley Rd 
    
 
 
Zone 5  
  
 
Camp Ka‘ala Conserve this creek, 
swimming hole, 
amphitheater, trees 
Continue conservation 
Zone 6  the makai DLNR site Functional kitchen Continue backyard aquaculture and canoe programs 
Table 6.1 
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Site and Facility Design 
Overview 
     The site development and facility design process began with an inventory of the natural 
properties of the site to include land features, water features, solar, and wind properties.  
Information sources included: GIS mapping, observation, photography, on-site measurements 
and conversation with staff members who work on the property on a regular basis.  In addition 
to this natural resources information, an inventory of existing buildings, site axes and views, 
transportation routes, and identification of public and private spaces was conducted.    
     After collecting general site information, bubble diagrams were created to relate the facility 
program functions.  The added dimension of identifying the output and input of energy, water, 
food and waste into the programmatic functions was added in these diagrams.  The functional 
bubble diagrams were then translated into a cursory spatial analysis.  At the same time, passive 
wind and solar strategies were considered for facility siting as well as soil and topography 
conditions.  This informed the decision for the Visitor Center facility siting, orientation, position 
of rooms within structures, basic volume massing and shading and daylighting strategies.   Site 
selection and design referred back to the criteria designated in Chapter 5, keeping cultural 
values and stewardship of the land and resources as foremost tenants of design.  Site design is 
depicted in two phases of development phased in approximate 5 year stages.   The final concept 
site development images are part of a continuing and ongoing conversation with the Ka‘ala 
Farm, Inc. staff and community partners. 
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Site Concept Design 
Site Inventory of Natural Resource Features 
     In addition to the site context and land use considerations presented in Chapter 2, the 
following information was gathered for the specific Ka‘ala Farm, Inc. site: major land resources, 
soil, slope, 5’ contour lines, unique species, wind, solar, and water related information.  This 
information is divided into the categories of Land, Wind, Sun, and Water.  
     Land 
     Figure 6.4, Major Land Resources, shows the context of the Ka‘ala Farm, Inc. site located 
between the coastal plains and mountain slopes.  The portion of the DHHL property considered 
in this project is designated as “Very Stony Land and Rock Land”, which corroborates other 
data sources and is further explored in conjunction with the soil report.  Figure 6.5, Soil, is 
taken directly from the National Resource Conservation Service (NRCS) custom soil report 
generated for the Ka‘ala Farm, Inc. site.  While the NRCS data does not include the TMK 
boundaries, the Ka‘ala Farm, Inc. site can be located on the aerial image and falls within “rST” 
boundaries, which is extremely stony silty clay loam as described in the soil section in Chapter 
2.  The soil quality is described as poor for septic tank absorption fields or sewage lagoons due 
to slow water movement, which was important information in the decision to consider location 
of composting toilets and the effectiveness (or ineffectiveness) of a leach field.  The soil survey 
does not recommend building or agricultural use because of the rock content in the soil.  
However, the operations at Ka‘ala Farms are small scale and do not require heavy farming 
equipment access.  The staff and history of the land have already proven that this soil condition 
can be overcome for small scale farming.  This is the only land available for the Cultural 
Learning Center, therefore it is necessary to work within this context.  Stones onsite can 
provide material needed for gabion or drywall masonry work.   
     Figure 6.6, Slope, was produced by graduate students from the UH Department of Urban 
and Regional Planning in 2006.  The figure shows a challenging sloped site.  Any slope over 
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15% becomes a significant design challenge.  The D Arch committee for this project 
recommended avoiding sloped areas above the 15-20% range.  Building on steep slopes creates 
erosion problems, storm water drainage issues, requires additional infrastructure for retaining 
walls, creates additional access challenges and generally requires a more aggressive 
construction approach, also increasing cost through design, material and labor requirements.  
Figure 6.6 indicates that the triangular Ka‘ala Farms TMK boundary encompasses slopes from 
0-25%.  Specific slopes for the Zone 2 potential building sites are difficult to determine at this 
scale.  Therefore, Figure 6.7 was generated from the City and County of Honolulu Planning 
website which indicates 5’ topography lines overlaid on an aerial image.  While this information 
was useful, it does not indicate where local site modifications have been made such as trenches, 
drainage ditches, road grading and modifications, terracing, and stone wall level changes.  The 
aerial photograph helps designate some of these areas by noting shadows but heavy vegetation 
obscures an accurate view of the ground plane.  Without proper surveying resources, which are 
necessary in the schematic design phase, a level and ruler were used on the site in order to 
approximate more specific site level changes.  A terrain model was partially generated in 
Google SketchUp for the 5 acre site, but due to the amount of time required to generate a model 
to the desired level of accuracy, this tool was foregone.  A site “pancake” model of cork or 
chipboard could provide just as useful site modeling as software options, and when working 
with an actual client, this tangible site representation of a model can be effective.  
     The Unique Species map, Figure 6.8, indicates the Ka‘ala Farms site bordered by reserves 
and critical habitat.  Data shows the endangered ‘Elepa‘io in the area.  This species is unique to 
Hawai‘i and is culturally significance.  The bird was considered a friend of canoe makers because 
it feeds on insects in wood, designating which trees to avoid using for canoe building.496  Because 
the Ka‘ala Farms site is bordered by endangered plant and critical habitat areas, it is likely that 
                                                 
496.  “Elepaio,” Wikipedia.org, http://en.wikipedia.org/wiki/'Elepaio#cite_note-0 (accessed December 7, 
2008). 
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some of these species may also depend on resources or even have habitat on the DHHL 
property.  It appears that the Ka‘ala Farms site was not included in any data inventory.  It 
would be useful to survey the DHHL property for critical species and related habitat in order to 
facilitate conservation, preservation, and restoration of unique assets, once thriving on the 
island.  If data does not exist, it does not necessarily mean that unique species do not exist, only 
that they have not been inventoried.  Before further development, it would be advisable to 
consult with a natural resources expert to better understand the types of species in these areas 
and how to protect this habitat. 
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Slope 
Site Inventory                                                                                                                  Figure 6.5 
Image source: Enos, Kamuela, Nancy McPherson, Anne Smoke, Kyun In Yi, and Brandon Yockel.  “Ka‘ala Farm, Inc.; 
Research for Community-based Planning and Capacity Building.  University of Hawai‘i at Mānoa: Department of 
Urban and Regional Planning, May 2006. 
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Image source: City and County of Honolulu GIS contours with photoshop enhancements by author 
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 Wind 
     Wind is a useful resource for passive cooling ventilation as well as active electricity 
generation.  Without wind, airflow can be induced using temperature and pressure difference 
strategies as described in Chapter 4.  The concept design of the Visitor Center, described further 
in Chapter 6 is designed to function both using the tradewinds as well as cooling strategies 
which rely on pressure differences created by roof shape and hot air rising.  This creates a 
counter-intuitive approach, requiring the windows and doors of the building envelope to be 
closed when the wind is not blowing.  In addition to passive cooling, wind data indicates the 
effectiveness of using wind for electricity generation.  Wind power is described in detail in 
Chapter 4. 
     The wind data per the Wai‘anae Valley weather station indicates a low wind speed most 
consistently from the ENE and ESE directions.  The State of Hawai‘i wind data pictured in 
Figure 6.9 is not as helpful for this project because it refers to wind speed at 50 meters – more 
relevant for large scale wind turbines than domestic scale wind.  Wind data for domestic use 
needs to be recorded where it will be used, at a much lower height.  Therefore, specific wind 
information for the DHHL property is best gathered on-site.  Observation of wind patterns on-
site are depicted in the photographs of the grass and tree structures.  They bend away from the 
prevailing wind direction, in this case, the wind is blowing from the ENE.  Figure 6.9 also 
shows a diagram indicating the unique wind patterns of the landscape, in this case a valley, 
throughout the day.  In order to accurately understand the effect of the valley geography on the 
Ka‘ala Farm, Inc. site, it would be necessary to take wind data measurements at the building 
site(s) through the day, and ideally through the year.  This could be done with a simple hand 
held wind meter.     
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Image sources: Mollison, 133 (bw drawing rendered by author) and 
http://www.heco.com/vcmcontent/StaticFiles/pdf/HawaiiCounty_HawaiiIsland_ 
PWR50m_19July04.pdf
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Solar 
 
     As described in Chapter 4, there are solar path diagrams available based on the longitude and 
latitude of the island.  These sun path diagrams are used to determine optimal building 
orientation but they omit surrounding terrain features and three dimensional landscape.  A 
series of Google Earth images is shown in figure 6.10 which chart the sun path looking toward 
the site from the southwest toward the northeast throughout the day for December 21 and June 
21.  These images show the shadows cast from the mountains, helping to indicate when the site 
might be shielded from the sun in early and late day.  The shift in shadows is more obvious by 
animating the sun movement.    
     In addition to surrounding land formations, the impacts of landscape features such as tree 
canopies as well as surrounding structures are easily observed at the site.  Noting sun intensity 
and shadows helps determine shade structures while also aiding in site selection for solar panels.  
Solar panels do not necessarily need to be building mounted and should be located where they 
are most effective and in this case, where battery storage is also available.   Information 
regarding solar radiation was available through GIS but the application and interpretation of 
the data was less useful than understanding the basic solar pathway on the site.  Local solar 
panel installation contractors are readily available for consultation on sun angles and power 
requirements.    
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Water 
     Fresh water for drinking and irrigation are of critical importance at the Ka‘ala Farm, Inc. 
site.  The water mapping indicates that the Mt Ka‘ala area is critical to the fresh water source in 
the Wai‘anae Valley.  This is due to the inversion and island tradewind conditions which cause 
clouds to release moisture as they encounter this tallest peak on O‘ahu.  Mt Ka‘ala then becomes 
the source of underground spring water as well as fresh surface water in streams.  Ka‘ala Farms 
does have multiple streams which run through the property and could be considered a source of  
fresh water.  This source could also be considered for potential hydroelectric power or for a 
gravity fed water wheel, which could be used to power irrigation.  The water quantity and water 
quality from stream sources would need to be further analyzed.  The ability to purify water to 
drinking standards depends on upstream vectors and chemicals.  The public nature of the Ka‘ala 
Farms mission requires Department of Health and Sanitation approval and supervision of water 
quality monitoring.  Supplementing water sources with rainwater harvesting is a common 
practice in Hawai‘i, especially on the Big Island.  Filters and other rainwater catchment 
equipment are readily available on the islands.  The GIS rainfall data shown in Figure 6.12 does 
not correspond with previous data recorded per NOAA as described in Chapter 4.  This 
discrepancy led to research from various sources and the rainfall data used in the rainwater 
catchment system sizing in Chapter 6 took all of these sources into consideration.    
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Existing Site Use 
     The site information regarding existing use was gathered primarily through observation.  
This information includes identification of existing facilities, transportation paths, major axes 
and views, and public verses private functions.    
Figure 6.14 Existing Buildings: 
The existing buildings figure indicates the existing property boundary according to the City 
and County of Honolulu data, which overlays TMK boundaries on the aerial image.  The main 
facilities as indicated on this drawing are the hale, caretaker house, composting toilets, food 
preparation building and storage boxes containers.    
Figure 6.15 Existing Axes and Views: 
The major axes diagram correlates with the transportation diagram and public and private use 
diagrams.  The separate major axes for visitor and staff (public and private) functions are 
indicated.  The primary views and intersections are indicated on this same map, beginning to 
indicate special nodes.   
Figure 6.16 Existing Transportation:  
Transportation pathways indicate routes used by visitors and staff, as well as pedestrians and 
vehicles and combinations thereof.  Parking areas and the primary users of these areas are 
noted. 
Figure 6.17 Existing Public and Private:  
The public and private figure indicates the main visitor areas and primary staff working area.   
The private caretaker house area is indicated across from the hale.  The adjacent composting 
toilets serve both public visitors and private staff.
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Functional Relationships of Programmed Spaces 
Bubble Diagrams 
     The bubble diagrams relate functions in the four main potential development areas.  
Diagramming functions is a common design tool used to visually determine how functions are 
related and overlap.  Defining these functions using the bubble diagram transfers these ideas 
into the visual realm, the first step in giving a spatial dimension to each function.  The first 
iteration of diagrams focused on the spatial and functional relationships. 
 
 
Figure 6.17 
Main Public Visiting Area 
This is a bubble diagram of the Visitor Center and related area functions 
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     The second iteration of these functional diagrams were re-constructed with an additional  
layer of information.  Input and output of resources were added to the programmatic facility 
functions.   This mapping allowed the combining of functional relationships with associated 
resources.  This assisted in indicating where resources were shared as well as how processes 
were related in terms of input and output products.  This idea of including the function or 
component input and output comes from the basic concepts of permaculture design.   
     The input/output factors addressed are minimums.  For example, electrical power for 
heating water for the shower is not included.  This does not necessarily mean hot water is 
completely excluded necessarily.  It can be achieved through passive solar hot water heating or 
heating water with kitchen resources.  Natural daylighting was assumed in all occupied spaces 
and in other spaces where able.  The input of solar heat gain in all spaces would also require the 
input of air exchange or ventilation whether by passive or active means.  The bubble diagrams 
are a cursory means of illustrating resource relationships.  
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      The diagram of the main public visiting area indicates the relationships between the Visitor 
Center interior space (yellow), Visitor Center exterior space (green), and the composting 
toilet/changing area (blue).   The orange arrows indicate required resource input and green 
areas indicate output.  The resource relationships begin to emerge, for example, grey water 
output from the hand washing station can be re-used in irrigating the exterior green space of 
the Visitor Center. 
 
Figure 6.19 
Main Public Visiting Area Revised 
The input output functions are added to the same functional diagram 
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     The 7.5 acre Ka‘ala Farm, Inc. owned property programmed functions include the existing 
Native Dryland Forest Restoration project, the main access road to the Ka‘ala Farm, Inc. 
Cultural Learning Center, and group gathering space for arriving visitors.  Potential new 
facilities for this space include a security gate, sunshade pavilion, and re-located parking area 
closer to the main road, Wai‘anae Valley Road.  The intent is to maintain the natural setting of 
this land as the starting point for the approach sequence to the Cultural Learning Center.  
Figure 6.19 
Ka‘ala Farms 7.5 Acre Property 
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     The private living area is currently the food preparation facility indicated on the Existing 
Buildings drawing.  The area is designated for expansion in order to accommodate potential 
overnight visitors in a dormitory type setting with shared living space (orange bubble).  The 
adjacent bubble (purple) shows the functions of the new re-located caretaker house.  There are 
several energy intensive functions which are shared, for example both facilities have a kitchen as 
indicated in blue-green.  This repetition of functions and resources also indicates the potential 
for shared facilities.  In this case, later design work in Chapter 6 shows the kitchen and dining 
area becomes a separate facility shared by both the caretaker and visitors residing in temporary 
lodging.  Bathing and toilet functions are also repeated, indicating the potential for 
consolidating water and compost sources and management.   
 
 
 
Figure 6.20 
Private Living Area 
312 
 
     The public working area is the primary agricultural area.  The agricultural area is labeled as 
“community garden” and could operate similar to a CSA as described in Chapter 3.  The plant 
nursery indicated in this drawing was relocated closer to the Visitor Center in later design 
stages.  The desire is to open these agricultural fields for use as well as for learning by those 
staying in the temporary lodging “Living Area” as well as for families who desire to stay in the 
field area in a shelter as a “step-up from camping.”497  The essential living functions for families 
living in the space are indicated in purple and include sleeping space, bathing facilities, and a 
kitchen.  Managing a composting toilet, meeting kitchen power requirements and managing 
potable as well as waste water become challenges on a site with repeated functions spread out 
into multiple areas.  If a living shelter is provided in the agricultural area, solar ovens could be 
used for electricity-free slow cooking and the composting toilet could be used in the Visitor 
Area or Living Area.  A shower room could be outfitted with a solar water bag, which could be 
                                                 
497.  Comment from Eric Enos and Ka‘ala Farm, Inc. staff in regard to use of this area. 
 
Figure 6.21 
Public Working Area 
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filled with filtered rain water or filtered stream water if this source is determined to have 
adequate flow.  The Public Working Area includes pasture and a barn structure for livestock.  
Livestock demonstrate the cycle of benefits from animals.  For example, goats can be used to 
maintain grass height, while also producing milk (cheese and yogurt), and fertilizer. Livestock 
also demonstrate the need for caretakers to be able to provide resources such as potable water, 
food, and manual labor to maintain the health and well-being of the animals, which are energy 
intensive.   
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Character of Space 
    The functional diagrams show relationships of functions, but are not able to indicate the 
character of space.  In order to ensure incorporation of character concepts expressed in the 
initial programming meeting with the Ka‘ala Farm, Inc. staff, each of the major areas is listed 
with descriptive notes to better convey the nature of the place:     
Public Visiting Area 
- Public 
- Less important than the hale, lesser physical presence and profile 
- Build with natural materials as much as possible 
- Energy efficient 
- Off-grid 
- Accessible 
- Open to views – mauka makai connection 
- Comfortable 
- Flexible Space Usage 
- Open 
- Secure 
Public Working Area 
- Public 
- Accessible 
- Organic 
- Diverse 
- Green 
- Earthwork 
- Hands (manual vs. highly mechanical work) 
Private Living Area 
- Private 
- Removed 
- View 
- Secure 
- Comfortable 
- Accessible 
- Contained 
- Flexible 
Ka‘ala Property 
- Wild 
- Gathering Space 
- Secure 
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Site Analysis and Selection of Development Areas 
     Progressing from site inventory of existing trends to identifying possible design strategies, 
first includes evaluating the site axes and views and transportation in terms of which areas will 
host public and private functions.  This requires relocating the caretaker house.    
Figure 6.23 New Axes and Views: 
The new axes extend into the agricultural CSA “Public Working Area.”  The looped road to the 
southwest is included as an axes for visitors because this becomes a secondary access route to 
the agricultural area.  The views primarily remain the same, but an additional significant 
intersection occurs where the agricultural area axes intersects the main axes aligned with the 
hale.      
Figure 6.24 New Transportation: 
The new transportation network separates pedestrian and vehicle traffic, adding footpaths 
between facilities, keeping pedestrian traffic internal and vehicle traffic in an external loop.   
Figure 6.25 New Functional Areas:  
The new functional areas figure shows re-designated land uses and demarcation of public and 
private areas.  Private living and public visiting areas are separated.  Within the public space, 
visiting and working areas are further defined.  
Figure 6.26 Visitor Center Siting Options:  
After devising the new axes, pathways, and public/private spaces, three potentially viable 
options are indicated for the new Visitor Center facility. 
- Option 1 is located on the lower 7.5 acre property owned by Ka‘ala Farms 
- Option 2 is located on the site of the existing caretaker house 
- Option 3 is located at the southern bend of the agricultural area access road
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Spatial Analysis of Development Areas 
     A spatial analysis diagram was drawn for each of the three Visitor Center options, two 
Living Area options, and the Public Working Agricultural Area. These diagrams are depicted in 
the following pages in Figures 6.28 through 6.33.  The previous functional relationship bubble 
diagrams were transferred into “paper doll” footprints, assigning a square footage to each space.  
“Paper dolls” are often used in the design process – the designer cuts out pieces of paper with 
the rough square footage of a facility footprint to scale allowing the designer to move the 
footprint around an underlay map to easily begin envisioning spatial relationships and 
orientations.  This method was used but electronically with AutoCAD facility outlines overlaid 
on an aerial image.  Conducting this process 
electronically allows the designer not only to 
adjust the location of the footprint but also 
allows quick adjustment of the space shape.  
The square footage footprint of the spaces 
was determined by regulations in the 2006 
International Building Code, Architectural 
Graphics Standards, and consideration of 
precedent facilities.  The drawings depicted in 
the following images are hand tracings of the 
AutoCAD drawings.  These hand drawings 
read much more clearly than the color 
saturated aerial image, which was 
considerably pixilated at the desired scale.  
The colors on the following images correlate 
with the colors of the functional relationship 
bubble diagrams.          
 
Figure 6.26 
The paper doll spaces for major functions were drawn in 
AutoCAD 2008.  Using the aerial jpg of the site as an 
underlay, the major spaces could be moved around the 
site to determine optimal combinations and layouts. 
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Comprehensive Site Development  Design 
     The overall site development 
design is based on the design 
criteria identified in Chapter 5.  The 
design techniques employed 
included a study of spatial 
relationships by using bubble 
diagrams, consideration of 
proximity and type of input/output 
functions, and inventory of site 
natural physical features.  The 
buildings are all sited to take 
advantage of the prevailing wind 
directions and to minimize solar 
heat gain from the east and west 
directions through orientation or shading strategies.  Shading strategies include the use of 
various design features such as loggias and shading louvers.   
     The pedestrian nature of the site is maintained by systems of pathways which are purposeful 
but organic in configuration.  The site serves as an education center, bringing sustainable 
solutions to the forefront visually.  For example, a rainwater catchment trellis is incorporated in 
front of the composting toilets, providing shade, as well as rainwater for hand washing at the 
site.  Visible composting, rainwater catchment, recycling stations, and solar panels all contribute 
to the educational mission of Ka‘ala Farm, Inc.    
 
Figure 6.33 
Site sketch 
One of many site development sketches using an aerial photo as an 
underlay.  This sketch shows early consideration of pedestrian 
circulation. 
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     During the design process, 
Director Eric Enos referred to 
the Ali‘i Kula Lavender Farm on 
Maui as a precedent for the type 
of site development and visitor 
experience they would like to 
foster at Ka‘ala Farms. The 
lavender farm serves as an 
example of a pedestrian 
experience with parking on the 
perimeter.  The facilities are on a 
human scale, similar to a 
residential, rather than 
commercial scale.  The 
meandering pathways have 
periodic pausing points with benches, pavilions, and trellises, serving as sunshades and 
orienting the visitor toward views or points of interest without extensive signage.  
 
     
 
      
 
Figure 6.34 
Maui lavender farm site from brochure.  The facility is primarily 
pedestrian and connects garden experiences with organic pathways 
on a steeply sloped site. 
    
The main visitor’s center is also a residence, built into the steeply sloped site with terraces and retaining walls. 
329 
Visitor Center Site Selection and Project Phasing 
     Site selection for the Visitors Center at Ka‘ala Farms resulted in the selection of both 
Options 2 and 3.  Option 2 is proposed as a short term Visitor Center facility as Phase 1 and 
Option 3 is proposed for the long term Visitor Center facility as Phase 2.  Ruling out Option 1 
was based on no longer considering the lower Ka‘ala Farms 7 acre site after the DHHL property 
was selected for a long term 20 year lease renewal.  The long range lease offers security, 
enabling Ka‘ala Farms to plan for the future of having a presence on the DHHL property.    
     Option 2, at the site of the caretaker’s house, has limitations as a Visitor Center if the facility 
is to include all of the desired program functions.  With the use of either site, Phase 1 requires 
relocating the caretaker to a new site from the current centralized location to a more private 
living area while still being able to view the property for security enhancement. The proposed 
new site is near the new Living Area facility on the ridge above the storage containers.  
Collocation with other private living functions will allow conservation of energy intensive and 
redundant functions by sharing dining, bathing, and kitchen facilities by all “residents.” The 
terrain of the Option 2 site is not level and would require significant earth work if all of the 
desired programming functions are to be included in a structure at this site, which would 
expand beyond the footprint of the existing caretaker house.  There are portions of the terrain 
which drop anywhere from 1-3’ and the contour map shows up to a 10’ elevation change on the 
site.  The proximity of the site to the hale presents the possibility that the profile of a more 
substantial structure or larger footprint than the existing 800 SF caretaker house, would begin 
to compete with the hale.  Although the existing footprint of the caretaker site could be re-used, 
a facility program including minimum space for a demonstration kitchen, gathering space, 
exhibit space, and office space for 3 people, is undersized by approximately 300 SF.  The 
potential design layout in the Figure 6.29 spatial analysis shows an additional 300 SF structure 
built on the northwest of the site toward the hale and approach path.  Building to the northeast 
and southeast is limited by both the composting toilets themselves as well as the desire to not be 
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down wind from them which could block ventilating airflow.  Expansion to the south and 
southwest of the caretaker house will have challenging ventilation because the area will be 
blocked by the new facility standing on the caretaker house site as well as stand lower, further 
inhibiting airflow.  Access to the Option 2 site is more difficult by vehicle than Option 3 because 
of the steep slope and the path is used as a pedestrian route rather than a vehicle route.  This 
could cause difficulties if the path is used for ADA access, emergency vehicle access, frequent 
supply or servicing trips, or if there is a need for van or bus access.  The trees and foliage in the 
area currently serve to screen the site from the approach path and hale.  They also provide a 
haven of cooling shade.  This is effective for a successful passive energy facility, but if the 
building program includes office and demonstration kitchen, these functions are energy 
intensive for electrical appliances, communications equipment, potable water, grease trap, and 
grey water management.  The thick vegetation could be problematic in solar panel use for 
electricity.  However, due to the presence of irrigation water and the location at the most 
significant intersection, this is the preferred option per Ka‘ala Farm, Inc. Discussion has 
concluded that Option 2 seems more viable for Ka‘ala Farm, Inc. in the short term due to the 
pre-existing structure.  However, the structural soundness of the current facility is questionable 
and should be thoroughly evaluated before re-using the building or opening the facility to public 
operations.   
     The Option 2 site can serve as an interim Visitor Center, but still requires replacing the 
caretaker’s house.  The footprint indicated in the design shows a pavilion type structure 
bookended with two enclosed lockable spaces and added deck space allowing additional exterior 
gathering space as well as taking advantage of both mauka and makai views at the site.  This 
however, means the program for the structure is reduced.  The office and kitchen functions are 
not included.  The office would continue running out the makai site on Farrington Highway and 
the kitchen function would be shared with the new dining and kitchen structure to be built in 
the Living Area.   The structure would only be used for gathering, exhibit space, storage, and 
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perhaps one office space area for radios and a laptop computer, but these functions would have 
to be battery dependent.  Consultation with a solar panel installation contractor could assist 
with determining the feasibility of solar power.  PV panels could be incorporated into a trellis 
structure over the deck lanai or similar outdoor space if there is a break in the overhead tree 
canopy.  Incorporating the PV panels into a shade structure provides shade and power 
simultaneously.      
     Phase 1 includes the construction of the dining pavilion and kitchen in the Living Area.  This 
dining pavilion and kitchen would serve the caretaker, staff and any visitors, as part of the 
interim short term solution for hosting visitors.  However, this area is designated as “private” 
living so the long term plan removes the “public” visiting activities away from this space.  This 
kitchen function would require electricity (unless cooking is intended to continue using gas, but 
this is not sustainable) for lights, cooking, refrigerator, appliances, potable water, grey water re-
use strategies, a grease trap, green composting, vehicle access and waste management for any 
other non-organic waste such as packaging.  Phase 1 also includes the construction of the barn 
and pasture.  Across from the livestock area is the site for a living area shelter where a family 
size group could stay for a short period to experience living on the land and learning 
agricultural skills. 
     Visitor Center Site Option 3, the long term option, would be considered Phase 2.  Phase 2 
would include continued use of the Phase 1 structure for gathering and exhibit space.  Phase 2 
pulls the visitor activity to the southwest corner of the existing road configuration.  This 
expands the site to create a plan with a centralized green space rather than an axial oriented 
configuration.  The Option 3 site serves both the public visiting and public working agricultural 
area, is bus and vehicle accessible, has no more than a 5’ change in grade, would not compete 
with the hale profile, has enough square footage to allow for the facility program requirements, 
and is still in immediate proximity to the restroom and changing facilities.  Vehicle 
transportation becomes relegated solely to the perimeter of the public visiting area, separating 
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pedestrian activity.  The Option 3 site would allow for better ventilation for kitchen activities 
because the area has open ended space, allowing flexibility with orientation and there is no 
existing landscaping which would block airflow.  The Option 3 site does not have an overhead 
tree canopy, facilitating the use of solar or wind power.   
 
Phase 1  
Years 0-5 - in order of accomplishment: 
1. Determine short-term and long-term strategy for potable water requirements (stream, 
water catchment, ROWPU) 
2. Add engineered retaining wall behind the Conex boxes 
3. Need northeast property boundary determined or surveyed by DHHL 
4. Build new caretaker house in Living Area with rainwater catchment 
5. Build additional compost toilet, rainwater catchment trellis, and shower near the 
caretaker house as indicated on drawing in the Living Area 
6. Determine short-term and long-term power requirements and energy source (solar, 
wind, hydroelectric) 
7. Determine and engineer short-term and long-term waste management for solid waste, 
grey water, grease trap 
8. Raze existing caretaker house, salvage any materials for re-use 
9. Build new Visitors pavilion with storage and one office space as well as exterior 
gathering lanai space and rainwater catchment (this is to serve as the temporary 
Visitors Center) 
10. Build additional compost toilet stalls (2) with rainwater catchment trellis for hand 
washing  
11. Build changing locker space  
12. Build barn, storage space for feed and equipment and fenced pasture 
13. Build sleeping structure for the live and learn project in the agricultural area upwind 
from the barn near the orchard 
14. Continue to improve agricultural area irrigation and plant native or dryland plants 
15. Add security gate across Ka‘ala property access from Wai‘anae Valley Rd 
16. Move lower parking area next to new access gate 
 
 
Phase 2 
Years 5-10 in order of accomplishment: 
1. Build Visitors Center in the lower southeast corner of the site 
2. Build parking area  
3. Build Perimeter Road 
4. Build extension onto existing structure in the Living Area, per building code and 
engineering recommendations 
5. Build plant nursery 
6. Livestock stall enhancements 
7. Build shelter structure over the Conex boxes 
8. Continue to improve agricultural area 
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Visitor Center Facility Concept Design  
 
Facility Program 
     The program development for this facility is intended to provide a space conducive to 
presenting Ka‘ala Farm, Inc. values to visitors. 
 
Ka‘ala Farms Visitors Center Facility Program 
Primary Functions Facility Features 
Kitchen 
- with demonstration space 
 
Dining Area  
Speaking/Education   
-with demonstration space 
Enclosed and exterior gathering space 
Conference Space 
Compost Toilet Facilities  
Office space 
- 3 work stations 
- Meeting space 
Facility as demonstration: 
- Natural building materials/locally procured 
- Water catchment  
- Renewable energy source 
 
Table 6.2  
 
Facility Concept Design 
     The facility concept design was derived form the functional bubble diagram Figure 6.19 and 
the spatial analysis Figure 6.30.  The natural resources of the site were considered when 
determining room arrangement and building orientation.  The resource input and output of 
each space was used to determine room arrangement.  For example, the kitchen requires 
significant potable water and is located closest to the rainwater catchment system, with easy 
access to the exterior garden space, and is open to ventilation to reduce heat gain into the 
building gathering spaces when cooking is underway.  The required surface area for solar panels 
was calculated in order to support the office and kitchen functions and is shown in the model.  
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Initially, the roof was angled for a green roof system but for reasons further explained in 
Chapter 4 and later in this chapter, was removed from the design in order to use the roof for 
rainwater catchment.  The roof angle and configuration is designed in order to take advantage 
of the Bernoulli principle and heat stack effect when the valley and tradewinds are still.  Interior 
spaces are designed to be flexible and an extensive lanai offers a strong connection of interior 
and exterior spaces.  Using sliding panels and doors to separate spaces allows re-use over time 
as functions change as well as the ability to accommodate diverse needs of visiting groups. 
     Details of the design process and decisions are further described in the remainder of this 
chapter.  Although this is an initial concept design, design decisions such as building orientation 
and siting are made in early design stages and can significantly impact the remainder of the 
project.  Passive energy related design decisions must be understood by the design team in 
terms of function in order to ensure they are carried through in the design product.       
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Energy 
     Passive systems were employed foremost and determined the building orientation in order to 
maximize ventilation.  The building is oriented primarily with the long facades facing north and 
south in order to reduce east west exposure to direct light infiltration in morning and evening.  
The solar diagrams produced from the Google images (Figure 6.9) show that some low eastern 
light is blocked by the Wai‘anae Mountain range during a portion of the year.  Early in the 
concept stage, a 3D model was created of the building with shadows cast for 21 December and 
 
 December 21 Noon  
 
June 21 Noon 
 
Figure 6.39 
Light Study: Casting the shadows on a quick massing model helps to determine opening locations and sizes as well as 
form, volume, and overhangs. 
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June to determine sun angles during these extremes.  This helped to determine the location of 
wall openings, overhang size, and where shading devices should be applied. 
          The GoogleSketch Up model does not include detail of the surrounding landscape or 
terrain but these additional elements were referenced during design from photographs and 
included in some of the hand sketches.  The Google Earth feature allows importing SketchUp 
models, which was used in order to explore significant views and general terrain qualities.  This 
information must be considered in conjunction with onsite data in order to have a true site 
picture, which contains elements such as a significant tree canopy and other structures.  An 
animated light study was used in the final oral defense presentation in order to demonstrate the 
light angles at the site throughout the day at various points in the year. 
 
Figure 6.40 
Visitor Center In Situ: Mauka views were captured.  This model shows the beginning stages of modeling other 
site facilities - the hale is shown in the background.  
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     In addition to passive energy strategies, solar panel requirements were estimated.  In order 
to determine the required amount of electricity, it is necessary to identify the appliance 
requiring power, the amount of power they draw, and the period of time they will be in use. 
Visitor Center Power Requirements 
Item Wattage Hours Watt Hours 
Clock radio 10 24 240 
Coffee Maker 900-1200 5 6000 
Laptop Computer 50 (3) 12 1800 
Dishwasher 1200-2400 4 9600 
Fax Machine 60 1 60 
Fan (ceiling) 65-175 12 2100 
Printer 10-20 4 80 
Stereo 70-400 8 3200 
Refrigerator 725 24 17400 
CFL Lights 20 (10) 8 1600 
 Total Watt Hours 42080 
Table 6.3 
In order to determine the amount of power that needs to be stored in batteries, the number of 
watt hours is multiplied by days of storage.  So just 2 days of storage is approximately 86kWh.  
Assuming one battery is 12V with 850 Ah capacity, this facility would require 4.2 batteries.  
The array size of solar panels required is determined by the general rule of thumb of (0.1 ft2 per 
watt) x (the number of watt hours to be stored).  This gives the requirement of 860 SF of solar 
panels for this facility.  This is readily accommodated by the roof portion over the office and 
exhibit space.  Storage space for the 4 batteries is allocated near the office.  Several products 
were identified on internet websites and battery sizes vary.  Four 39” x 9” x 25” can require 
considerable storage space but perhaps a rack system could allow stacking if the weight can be 
accommodated as well as enough space around the batteries for air circulation.   
342 
     Another large expenditure of energy is grounds maintenance.  All of the equipment is gas 
powered.  If there is alternative equipment which can be used for this labor, it should be 
considered.  Livestock may be able to assist in trimming grasses.  If there is battery powered 
equipment available, the required re-charging energy requirements should be considered in 
solar panel or wind turbine calculations. 
     Additional electricity sources could be wind power and hydroelectric but both of these 
sources would need further evaluation as described in Chapter 4.  Wind power can use the same 
battery storage as solar.  Hydroelectric would depend on the flow rate and quantity to 
determine use as a power source.  Passive solar ovens, earth ovens, and passive water heater 
bags would also help reduce electricity load and could be used at the living area camp site in the 
agricultural area.   
Water 
   Water is the foremost issues on the site.  Potable water is required in order to be truly 
sustainable.  Rainwater and the stream are two potential sources of water on the site.  Rainwater 
catchment barrels can be employed wherever possible, however, rainwater will not serve all of 
the potable needs at the site.  The following calculations help determine the amount of 
rainwater that can be accumulated from the Visitor Center roof.   
Amount of water roof can catch = Surface Area x 0.625 gallons of water per inch of rain.498   
Multiply this number by the total rainfall to find out how much water can be collected.  In the 
case of Ka`ala Farms: 
The visitor center roof = 3098.914+1116.6’ = 4215.5 SF (0.625) = 
2634.69 gallons  
 
Rainfall = 21.3 inches499 
 
                                                 
498. Macomber, 11. 
499.  State of Hawai‘i Department of Business, Economic Development and Tourism, Hawai‘i Coastal Zone 
Management Program, “Wai‘anae Ecological Characterization.”   
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Rainfall Data 
Month Wai‘anae Rainfall available for 
catchment on visitor 
center roof 
January 3.97 10,459.7 
February 2.53 6,665.7 
March 2.23 5,875.4 
April 1.04 2,740 
May 0.87 2,292.2 
June 0.48 1,264.7 
July 0.5 1,317.3 
August 0.56 1,474.3 
September 0.84 2,213 
October 2.32 6,112.5 
November 2.73 7,192.7 
December 3.23 8,510 
Annual 21.3 56,118 
 
Table 6.4 
Rainfall data is in inches500 
 
Usage calculated for family of 4501: 
Cooking/dishwashing 20 gallons per day 
Laundry  35 gallons per day 
Bathing 65 gallons per day 
 
Per one month for 4 people = 3,600 
 
It is clear that if 3,600 gallons of water are needed for 4 people for 1 month, that Ka‘ala faces a 
severe shortfall.  It is possible that 36,000 gallons could be required over the course of two 
months and this is more than half of the annual average rainfall in Wai‘anae.  Additionally, 
rainwater being used for potable purposes must be tested on a regular basis and permitted per 
the Department of Health and Sanitation, especially since the water is being used for 
institutional purposes serving the public.   
                                                 
500.  State of Hawai‘i Department of Business, Economic Development and Tourism, Hawai‘i Coastal Zone 
Management Program, “Wai‘anae Ecological Characterization.” 
501. Patricia S.H. Macomber, Guidelines on Rainwater Catchment Systems for Hawai‘i, University of Hawai‘i at 
Mānoa: College of Tropical Agriculture and Human Resources, 2004), 10. 
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     The other source of water is Honua stream.  It is necessary 
to gather more information about the annual flow quantity, 
water quality, and pressure in order to determine whether or 
not the water can be filtered for potable use and the best 
method of filtration.  It could be possible to use a Reverse 
Osmosis Water Purification Unit (ROWPU) but these units 
require chemical input such as chlorine which would be 
difficult to store and monitor.  The units also have a power 
generator which runs on oil or an external power source.  For 
these reasons, it would be more sustainable to use a method of 
filtration with less maintenance and less embodied energy.  
     A water storage tank would be useful for potable and non-
potable water for irrigation as well as fire fighting storage.  A 
tank would need to be located on the upper portion of the site 
in order to use gravity for water pressure.  If this is not 
possible, a water pump would be required.  There are designs 
for manual as well as electric pumps which could use solar 
power for operations. 
     Water for irrigation is also an issue.  The contours of the 
terrain were considered in order to facilitate storm drainage on 
the site.  Natural drainage ways were kept clear of 
obstructions.  The water flow on the site can be used for 
rainwater harvesting.  One method is shown in the Phase 2 
drawing which indicates berms following the contour lines 
across the road and into the agricultural area.  These berms 
 
Figure 6.41 
Water run-off from roads can be 
harvested for plantings 
 
 Drawing images source: 
Lancaster, 67-68. 
 
Figure 6.42 
Stream crossing concept 
 
 
Stream crossing at guava farm on Kauai 
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serve as terraces, capturing fast flowing water from the road and redirecting it toward the 
agricultural plots.     
     In addition to storm water drainage, it is necessary to offer a path for crossing the stream 
without impeding the water flow, but a substantial structure is not needed.  Pictured are two 
options for stream crossing. 
     Grey water can be re-used 
from shower and sink functions.  
These systems also have to be 
engineered by a registered 
Professional Engineer, PE, and 
permitted by the Department of 
Health and Sanitation even if the 
water is being used for irrigation.  
It is important to note that 
kitchen functions must have the 
water separated from grease with 
a grease trap.    
     Maintaining as many pervious ground surfaces as possible will help prevent erosion, 
facilitate plant growth, and help filter contaminants from water through soil layers.  The 
pervious paver product, Aquapave, contains a fabric layer which actually collects microbes that 
help break down toxins and pollutants from vehicles.  This would be an applicable material for 
the staff parking area near the agriculture fields.  There are pervious paving trail products 
which are bound by natural resins and can be used for trails.  These materials are typically used 
for applications such as parks and hiking trails and often facilitate ADA access. 
 
Figure 6.43 
Grey water re-use  
Image source: Lancaster, 63 
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     Green roofs were considered for the design project, but after further research, despite the 
benefits of green roofs, it was determined that roof space would be better utilized for solar 
panels and rain water collection.  Chapter 4 further explains this conclusion. 
Food 
     Currently, taro, garden cooking herbs, and productive trees are 
actively harvested food sources at the Ka‘ala mauka site.  The 
agriculture area is currently being tested with a number of plant 
species.  It is recommended by the staff native plant specialist to 
concentrate on planting edible species that have low water 
requirements such as sweet potato.  Pictured are two ideas for 
aiding irrigation based on the principle of the French drain. 
     Garden spaces are incorporated near the kitchen space of the 
private living area as well as by the demonstration kitchen of the 
Visitor Center facility.  This allows the ability to educate visitors 
about common cooking herbs and plants in an immediate and 
visceral way.  The agricultural plots could be treated like 
Community Supported Agriculture (CSAs) and be farmed by local 
community members.   
     In order to fulfill the mission supporting food sovereignty for 
Ka‘ala, a sustainable irrigation strategy must be devised.  The water 
source for this effort must be determined so that the filtering and distribution  system can be 
engineered. 
 
 
 
Figure 6.44 
Dryland irrigation strategy 
 
Image source: Lancaster, 61 
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Shelter Materials  
     Per Chapter 4, the two most appropriate building materials determined for the Ka‘ala site 
include bamboo and recycled construction materials.  The structure depicted here is a wood 
structure.  Considering the relatively small size of the facility, a viable material source could be 
Re-Use Hawai‘i, which is a local organization that salvages building materials through de-
construction as introduced in Chapter 4.  Alternatively, the building could be constructed with 
bamboo.  The material properties of bamboo are unique and a wood structure translated directly 
into this material would neglect the design possibilities.  It is worth exploring the capacity of 
bamboo as a building material on this site in the hands of an experienced bamboo builder.   
Some bamboo species have been approved for structural use in Hawai‘i.  There are several 
bamboo sources on the islands.  Resources include Bamboo Village on the Big Island, 
Whispering Winds Bamboo Nursery on Maui, and Malama Kaua‘i.  Bamboo has unique 
structural properties and is a rapidly renewable resource which can be managed sustainably. 
Rocks onsite (which are not part of pre-existing cultural resources and structures) can be used 
for site elements such as gabion walls or for terracing.  Vegetation can be used for privacy 
screening, windbreaks, and shade which should be incorporated into the facility design.       
     Initially the structure was modeled on concrete columns in an attempt to maintain a light 
footprint, but after further study, it was decided that concrete footings are just as invasive as 
concrete slabs and due to the rocky soil conditions could prove more cumbersome.  The concept 
was changed to a concrete slab on grade.     
Waste 
     Waste management is a significant issue on the mauka site and a specific design response to 
resolve all of the waste management issues is not addressed within the scope of this project.  
Chapter 4 describes composting techniques for green waste and human waste.  Solid waste is 
currently handled at the site through composting.  The Department of Health and Sanitation 
regulations for composting activities are cited in Chapter 4.  There are no receptacles for trash 
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or recycling at the mauka site and visitors must carry out what they carry in.  Waste water is 
negligible since potable water is not available on the site and therefore limits water use to jugs 
and bottled water.  Irrigation water run-off however, needs to be addressed to ensure proper 
channeling and protection of the stream resources on site.  Handling of solid waste such as 
packaging materials needs to be addressed.  There are few examples in the United States of how 
to handle trash at a local small scale level.  Prevention is the best solution and reduction is 
second to this strategy.  Examples of waste management in traditional practices do not account 
for the remarkable quantity of non-organic packaging and products globally distributed.  
Practices of burning or burying trash release toxins into the air, groundwater, and soil only to 
delay or disperse the consequences of excessive trash production.      
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Chapter Conclusion 
     The overall design strategy for the mauka site is to create a pedestrian experience that 
connects the visitor with sustainable strategies for building, growing food, and living.  Guests 
can visit the lo‘i and hale and gather at the Visitors Center to learn how to prepare the food 
grown on the site.  Facilities rely on passive energy strategies wherever possible.  Ample 
unobstructed sunlight is available for solar power, whether an array is mounted on a roof, used 
as a sunshade, or incorporated into an independent structure.  The exact energy requirements 
for this will depend on the eventual facility uses.   In order to be sustainable, Ka‘ala Farm, Inc. 
must have a means of obtaining potable water as well as a means to dispose of solid waste.  
Currently the site is dependent on external resources for fuel, potable water, and trash service.  
The next step is to begin designing these systems as Ka‘ala Farm, Inc. staff and the Board of 
Directors come to consensus regarding the future programs and facilities required for the site.  
Low cost design resources able to assist the Ka‘ala Farm, Inc. non-profit potentially include the 
local Engineers Without Borders Chapter, Habitat for Humanity, and UH resources such as the 
School of Architecture, College of Engineering, Department of Urban and Regional Planning 
and Department of Natural Resources and Environmental Management within the College of 
Tropical Agriculture and Human Resources.  A combined design team could bring together 
local expertise.        
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CHAPTER 7 
CONCLUSION 
      
     The intent of this project is to translate the concept of sustainability into a physical 
manifestation through design while working with a community typically under-served by the 
design profession.  A concept site plan was developed based on the natural conditions of the site 
and surrounding ahupua‘a, the future of the Ka‘ala Farm, Inc. program, and the cultural 
resources of the property while respecting the cultural values of Ka‘ala Farms and the 
community they serve.  The plan continues to be developed and modified as the conversation 
with the Ka‘ala Farm, Inc. staff is ongoing.   
Summary 
     The introduction explains the origin of the contemporary definition of the term sustainability 
and clarifies how this definition relates to the project in terms of sustainable development and 
design.  Development often refers to an increase in monetary resources, overlooking the value of 
economic diversity and alternate systems such as subsistence living.  Establishing the criteria of 
the key components of energy, water, shelter, food, and waste as the essential criteria to 
sustained existence, served to provide a solid framework applicable to the case studies, existing 
site, and proposals for new design strategies.  It is important to note that these categories are 
not exclusive and overlap one another but also serve to organize the discussion.  For example, 
“food” can be a “waste” or output from one system and can also be considered a source of 
“energy” or input into another process.  Rather than attempting to identify all of the intricacies 
of the web connections, identifying the key components and applying them to the built world 
was used in a general sense.  Using the quality, quantity, attainability, and re-usability 
evaluation of each topic assisted in further evaluating design strategies.  This was not literally 
written out in the case studies or throughout the text in order to avoid becoming too 
prescriptive but it was included in the Chapter 4 Design Strategies table.  This strategy aided in 
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considering resources as more holistic systems when considering input and output.  The 
categories could only hold partially true however, because many design strategies belong to 
several topics.  For example, composting is a water saving strategy, is a food/fertilizer source, 
and reduces waste.  This complexity is another reason why the categories were not vigilantly 
repeated throughout the document.  The categories of waste and reusability became redundant.  
One of the best ways to treat waste is to reduce excess through prevention.  In a truly 
sustainable loop, there is no waste as we typically define it.            
     Chapter One introduces the existence of a once thriving Hawaiian community, sustained by 
ample natural resources in the Wai‘anae region.  The sudden devastation of this community 
occurred with foreign contact which imported disease as well as conflicting concepts of 
economy, religion, politics, and the underlying cultural values related to these systems.  The 
resulting loss of life, culture, land and social structure has continued into contemporary times.  
Ka‘ala Farm, Inc. is identified as one organization in the community serving in a leadership role 
supporting capacity building and empowerment through cultural recovery.  In pursuing this 
healing, Ka‘ala Farm, Inc. seeks a sustainable presence both within the community as well as for 
the community members. 
     The organizational structure and purpose of Ka‘ala Farms as well as the organization’s 
infrastructure and facilities are described in Chapter 2.  Issues of food sovereignty, education, 
cultural restoration, economic development, family self-sufficiency, and native habitat 
restoration are foremost concerns for Ka‘ala Farm, Inc. and guide their educational and 
community outreach programs.  The physical conditions and resources of the Wai‘anae ahupua‘a 
are indentified in terms of natural resources, land ownership, zoning and land use classification 
in order to determine the context of the Ka‘ala Farm, Inc. mauka site.  This process unveiled a 
complex network of land management agencies with varying policies, procedures, and 
jurisdictions.  This management approach inhibits the ability to manage lands in terms of 
ecosystems and natural resources as was the ahupua‘a land management practices of the Kanaka 
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Maoli.  Together, the first two chapters identify constraints and opportunities for sustainable 
development within the context of the Wai‘anae community.  
     Chapter 3 presents local and global case studies.  All of the communities and organizations 
considered arrive at sustainability strategies with varying purposes.  Motives are cultural, 
social, political, economical, and ecological.  The biggest obstacle to direct comparison of the 
case studies stems from land use classification and management.  The farms on O‘ahu are places 
to learn and work rather than places to live.  These organizations must be considered within the 
context of the greater Wai‘anae community rather than studied as self-contained entities.  
Examples of design strategies are presented according to relevance to Ka‘ala Farm, Inc. 
development.  Communities living off-grid or in economically or socially challenged conditions 
were selected for study. 
     The building and systems design strategies in Chapter 4 began as a design library but 
became more detailed in order to explain the purpose and principles behind certain design 
strategies.  The strategies presented are all within the scope of attainability.  International 
Building Code requirements, the availability of local vendors and materials, and permitting 
ability were considered.  Passive energy strategies and natural materials are primarily 
recommended as low cost and locally available resources.  These recommendations also resonate 
with the Ka‘ala Farm, Inc. staff member comments on the desire to keep design strategies as 
organic as possible.   
     The implementation, incorporation, and use of these strategies was guided by the 
permaculture design methodology articulated by Bill Mollison.  Mollison’s design methods 
incorporate McHarg’s ideas of mapping, resource inventory, and site evaluation beyond basic 
cost/benefit analyses.  Mollison’s design approach also incorporates Lyle’s Design for Human 
Ecosystems concepts which emphasize the need to incorporate community participation into the 
design process.  These methodologies informed the establishment of project design criteria as 
articulated in Chapter 5 and then applied in Chapter 6.  Identifying the design criteria in 
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Chapter 5 for the building siting and the building design identifies design strategies but also 
serves the dual purpose of translating cultural and social values into physical form.  Take for 
example the design criteria of only developing where cultural assets are not present or 
recoverable.  This clearly assigns a value to cultural assets – making them more important than 
the potential building site, potential food development in certain areas, or more important than 
invasive means of energy production.  Deliberate and intentional action to choose one site over 
another involves a series of judgments.  This seems abstract, but the way we treat resources in a 
very tactile physical way reflects our values.  The built world, both individual buildings as well 
as how we organize our communities, today and throughout history, is a constant commentary 
on what we value. 
     Sustainability assessment was addressed, acknowledging a number of accepted approaches 
for measuring facility efficiency such as LEED evaluation, but also notes that sustainability 
reaches beyond resource reduction and energy efficiency.  All evaluation and assessment metrics 
fall short of measuring the remarkably complex embodied energy in building materials and 
practices.  The human component must be evaluated on a per community basis according to the 
local conditions.   
     Chapter 6 demonstrates the implementation of the studied design methodologies with 
reliance on Mollison’s permaculture design concepts.  GIS mapping was used to assess site 
natural resources, land ownership, zooming, and land use classification.  The limitations of GIS 
mapping were supplemented with on-site observation, photographs, and personal interviews 
with community and Ka‘ala Farms staff members.  The design approach involved inventory of 
existing assets, evaluation of site conditions (views, axes, transportation, public vs. private) and 
proposed modifications to these conditions.  For example, the views were preserved while the 
transportation circulation was altered to favor the pedestrian.  Overall site development 
included studying multiple options for the Visitors Center site and involved feedback through 
multiple meetings with the staff and director of Ka‘ala Farm, Inc.  This led to the selection of 
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two sites, a temporary Phase 1 site and a long term Phase 2 site.  The accompanying 
infrastructure requirements, such as potable water, are outlined in the Chapter 6 phasing plan.  
The long term Phase 2 site for the Visitor Center facility was selected for demonstration of 
design strategy application, resulting in the concept design depicted in Figure 6.37.  The next 
step for Ka‘ala Farm, Inc. in respect to design, is to come to concurrence on actual facility 
requirements, determine what resources are needed to support the facility (power, water etc), 
determine permitting requirements (Department of Health and Sanitation as well as possible 
zoning change etc) as well as to identify a construction budget, designer, material, and labor 
resources.               
     Ka‘ala Farm, Inc. intends to use this study and process in order to further plan and develop 
their new sites in Makaha and Nanakuli, thus being part of an overall learning process beneficial 
to Ka‘ala Farm, Inc. as an organization and to the community they serve.  The metric of true 
sustainability is beyond physical properties of energy and environment and includes resonating 
with the social and cultural community values to reach a balance within the human community 
as well as balance between the human community and ecology.  This returns to Gigi’s 
commentary from Hoa ‘Āina O Mākaha, that sustainability is dependent primarily upon 
relationships – the relationships between each individual and the earth, the plants, the water, the 
family, each other, and the self. 
Conclusion 
     As a designer and advocate of sustainable design strategies, my design approach stems from 
an ecological preservation and energy efficiency perspective.  This does not equate to a 
technology-solves-all perspective, but from emphasizing the importance of passive design and 
feasible strategies, which are strategies focused on energy related issues nonetheless, whether it 
be energy production, embodied energy in materials, or energy conservation through 
efficiencies.  Working with Ka‘ala Farm, Inc. was enlightening because of their emphasis on the 
cultural approach to sustainability.  The pathway would probably not be primarily defined as 
356 
toward sustainability for them.  Theirs is a pathway to restoring sustainable cultural values.  
This is the defining issue that has emerged from this project – identifying that sustainability is 
above all, an issue of culture.  Culture transcends race, ethnicity, nationality, and geography.  
The current dominating global culture, since the industrial revolution, is one of consumerism.               
 
     What will be the impetus for change?  Changing the current collective cultural values to 
those which are more beneficial for the current and future health of our species, can occur 
willfully or in reaction to catastrophic events, such as to the wide ranging consequences of 
climate change.  The existing bureaucracy in Hawai‘i for land use, planning, design, and 
construction is not especially equipped to manage exceptions to the status quo methods or 
processes of conducting business.  However, it is also not completely opposed to doing things 
differently and with some tenacity, persistence, and trials it is possible to design in more 
sustainable ways.  Agencies such as the USGBC with programs such as LEED are a start for 
working within the existing building profession infrastructure to make improvements.  
Implementing alternative design strategies requires re-thinking, and sometimes simply 
   
Image of two juxtaposed cultural values – or perhaps evidence of changing cultural values.  The image on the left is 
the packaging waste from a snack on an airline flight and the image at right is a sign on a paper towel dispenser in 
the San Francisco airport restroom.  
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remembering, good design.  While technologies have connected global economies and the 
ability to consume on a global scale, technologies have also connected communities which can 
learn from each other in a way that has never been so immediate.  Corresponding with the 
Kibbutz Lotan in Israel to understand lessons learned from their community was instantly 
useful and rewarding.  The hope is that communities practicing sustainability will be able to 
learn from each other both locally and globally, and thrive in, as well as influence, their 
communities.  For Hawai‘i, this includes a strategy of understanding past traditional practices, 
learning from the surrounding natural ecological system, connecting to local communities and 
sharing with and learning from global examples in order to perpetuate a more sustainable 
culture.  
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APPENDIX A  
 
GIS Metadata 
 
     The following is a list of the Geographic Information System (GIS) Meta Data used for the 
map figures created in ESRI Maps ARC GIS, Arc Map Reader 9.2.  These files are referenced 
per NAD83.  The data files are from: http://www.state.hi.us/dbedt/gis/download.htm 
These files are regularly updated with revised and additional information.  More information 
about the data contained under each file name can be accessed by clicking on the layer name on 
the website and accessing the .txt file.    
admindlg_n83.dbf 
Layer Name:  DLG Administrative Boundary Polygons 
 
alish_n83.dbf 
Layer Name:  Agricultural Lands of Importance to the State of Hawaii 
 
alum_n83.dbf 
Layer Name:  Agricultural Land Use Maps 
 
birdhab_n83.dbf 
Layer Name:  Bird Habitat Ranges (Version 1) 
Layer Name:  Bird Habitat Ranges (Version 2) 
 
blkgrp00_n83.dbf 
Layer Name:  2000 Census Block Groups 
     
blocks00_n83.dbf 
Layer Name:  2000 Census Blocks 
 
ccd00_n83.dbf 
Layer Name:  2000 County Census Divisions 
     
cdplc00_n83.dbf 
Layer Name:  2000 Census Designated Places 
 
cdzubzn.dbf 
Layer Name: Conservation District Subzones 
 
ClassWater.dbf 
Layer Name:  Water Quality Classifications 
  
cntrs100.shp 
Layer Name:  100 Foot Contours 
    
creephab_n83.dbf 
Layer Name:  Critical Habitat Layers 
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devplan_n83.dbf 
Layer Name:  Development Plan Areas 
         
Ditches: ditches.shp.zip 
Layer Name:  Ditches 
 
dlghydln_n83.dbf 
Layer Name:  DLG Hydrography Lines 
            
dlghydpt_n83.dbf 
Layer Name:  USGS Digital Line Graphs (DLG) Hydrography Points 
 
dlghydpy_n83.dbf 
Layer Name:  DLG Hydrography Polygons 
 
dohaq_n83.dbf 
Layer Name:  Department of Health's (DOH) Aquifers 
 
elrange_n83.dbf 
Layer Name:  Elevation Ranges 
 
fishpts.dbf 
Layer Name:  Fish Ponds (points) 
 
fma_n83.dbf 
Layer Name:  Fisheries Management Areas 
 
Gov_own.shp 
Layer Name:  Government Landownership 
 
hilloah_n83 
Layer Type:  JPEG 
 
homelands00_n83.shp 
Layer Name:  2000 Census Hawaiian Homelands 
      
hun tingareas.shp 
Layer Name:  Public Hunting Areas (Game Birds & Game Mammals) 
 
hydunits_n83.shp 
Layer Name:  Hydrographic Units 
 
landsat_oahu_n83 
Layer Name:  LANDSAT images 
 
large_landowners.shp 
Layer Name:  Large Landowners 
 
lnr_aq_line.shp 
Layer Name:  Aquifers 
 
lulc_n83.shp 
Layer Name:  Land Use/Land Cover 
 
MajLandResAreas.shp 
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Layer Name:  Major Land Resource Areas 
 
majroads_n83.shp 
Layer Name:  DLG Major Roads 
 
oahcntrs100.dbf 
Layer Name:  100 Foot Contours 
 
oah_streets.shp 
Layer Name:  Oahu Street Centerlines 
 
oahhistland.shp 
Layer Name:  Historical Land Divisions (formerly Ahupuaa layer) 
  
oahtmk.shp 
Layer Name:  Oahu Parcels 
 
oahzoning.shp 
Layer Name:  Oahu Zoning 
      
parrotbill_n83.shp 
Layer Type:  Polygon 
 
rainfall_n83.shp 
Layer Name:  Rainfall 
 
Restrictedwatershed.shp 
Layer Name:  Restricted Watersheds 
 
oahscan_n83.shp 
Layer Name:  Scanned Contours (10, 20 and 40 Feet Intervals) 
 
slud.shp 
Layer Name:  State Land Use District Boundaries 
 
sma.shp 
Layer Name:  Special Management Areas 
 
solrad_n83.shp 
Layer Name:  Solar Radiation 
 
strmscult_n83.shp 
Layer Name:  Streams with cultural resources (from 1990 Hawaii Stream Assessment) 
 
strmsdiv_n83.shp 
Layer Name:  Streams with diverse resources (from 1990 Hawaii Stream Assessment) 
 
strmsrip_n83.shp 
Layer Name:  Streams with riparian resources (from 1990 Hawaii Stream Assessment) 
 
teplant_n83.shp 
Layer Name:  Threatened and Endangered Plants 
 
tracts00_n83.shp 
Layer Name:  2000 Census Tracts 
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utilitydlg_n83.shp 
Layer Name:  DLG Pipes and Transmission Lines 
 
wetlnds_py_n83.shp 
Layer Name:  National Wetlands Inventory Polygons 
 
wshedpy_n83.shp 
Layer Name:  Watershed Unit Boundary Polygons and Attributes 
 
The following data layers were accessed in the course of research but were not used: 
 
akepa_n83.dbf 
akepahab_n83.dbf 
akiahab_n83.dbf 
akialoa_n83.dbf 
akiapola_n83.dbf 
alala_n83.dbf 
allved_n83.dbf 
amahab_n83.dbf 
apaphab_n83.dbf 
BI_crhb_KokDry.dbf 
BI_crhb_Moth.dbf 
BI_crhb_Palila.dbf 
BI_crhb_Plant.dbf 
fbirdhab_n83.dbf 
FishHavens.dbf 
iiwihab_n83.shp 
iohab_n83.shp 
KA_crhb_Cave.shp 
KA_crhb_Plant.shp 
KA_crhb_Snail.shp 
kamao_n83.shp 
KH_crhb_Moth.shp 
KH_crhb_Plant.shp 
LA_crhb_Plant.shp 
lnr_aq_poly.shp 
lnr_aq_poly.shp 
MA_crhb_GouHil.shp 
MA_crhb_Moth.shp 
MA_crhb_Plant.shp 
MO_crhb_Moth.shp 
MO_crhb_Plant.shp 
NI_crhb_Plant.shp 
nisugar_n83.shp 
nukupuu_n83.shp 
OA_crhb_Elepaio.shp 
OA_crhb_PanCar.shp 
OA_crhb_Plant.shp 
poouli_n83.shp 
puaiohi_n83.shp 
thrush_n83.shp 
waisugco_n83.shp 
waterfalls.shp 
wbirdhab_n83.shp 
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